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PREFACE 


v 


The  first  edition  of  “The  Organization  of  Industrial 
Scientific  Research,”  by  C.  E.  K.  Mees,  was  published 
in  1920  by  the  McGraw-Hill  Book  Company,  Inc.  The 
rapid  development  of  industrial  research,  as  well  as  the  pre¬ 
occupation  of  the  author  with  the  conduct  of  the  Research 
Laboratory  of  the  Eastman  Kodak  Company,  delayed  any 
revision  of  the  book  until  now.  The  present  text  represents  an 
essentially  new  book,  written  in  collaboration  with  J.  A. 
Leermakers. 


The  text  presents  an  account  of  the  history  and  develop¬ 
ment  of  industrial  scientific  research,  the  general  principles 
of  its  conduct,  and  an  analysis  of  the  methods  actually  used 

for  the  organization  and  operation  of  industrial  research 
laboratories. 

The  experience  of  the  authors  in  the  conduct  of  industrial 
scientific  research  has  been  chiefly  in  the  fields  of  chemistry 
and  physics.  They  have  had  little  experience  in  engineering 
research— either  mechanical  or  electrical— and  the  same  is 
true  of  metallurgical  work.  The  field  of  industrial  research  is 
so  broad  that  no  individual  is  competent  to  survey  it  and 

rates'00^  “  Undoul?tedly  uneven  in  its  presentation.  It  under- 

rngaged  inVtheneg  T*S  °°nsidf  ations  of  importance  to  those 
engaged  in  the  application  of  scientific  research  to  certain 

.. S  °‘ ustry’  no(ably  engineering  and  metallurgy  The 
authors  hope  nevertheless,  that  the  book  will  be  of  value  to 
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ments  Responsible  for  reseat  *>"*• 
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engaged  in  the  direction  of  industrial P  ,'V  many  others 

directors  of  large  industrial  Ebn  research.  A  number  of 
ge  industrial  laboratories  answered  a  detailed 
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questionnaire  concerning  their  operating  procedures.  Many 
of  the  replies  are  incorporated  in  the  material  of  the  book; 
in  some  cases,  the  detailed  answers  themselves  are  given  to 
illustrate  the  divergent  methods  used  in  different  labora¬ 
tories.  Additional  material  for  use  in  the  book  was  supplied 
by  specialists,  and  a  preliminary  draft,  circulated  for  the 
purpose,  has  had  the  benefit  of  detailed  criticism,  verbal  and 
written,  by  a  number  of  those  experienced  in  the  operation 
of  industrial  laboratories. 

For  their  kindness  in  providing  information  relative  to 
their  respective  research  and  development  organizations  and 
programs,  the  authors  are  indebted  to  the  Research  and  De¬ 
velopment  Department  of  the  Army  General  Staff,  Logistics 
Division;  the  Office  of  Naval  Research,  Department  of  the 
Navy;  the  Air  Information  Division,  Department  of  the  Air 
Force;  and  the  Division  of  Research  Information,  National 
Advisory  Committee  for  Aeronautics. 

To  all  who  have  contributed,  the  authors  express  their 
thanks.  Chapters  XV,  XVI,  and  XVII  were  written  by 
S.  W.  Davidson,  business  manager  of  the  Research  Labora¬ 
tory  of  the  Eastman  Kodak  Company.  Chapter  XX  was 
written  by  H.  H.  Race  of  the  Research  Laboratory  of  the 
General  Electric  Company  and  R.  Halstead  of  the  Research 
Laboratory  of  the  Eastman  Kodak  Company. 

C.  E.  K.  Mees 
J.  A.  Leermakers 

Rochester,  N.  Y. 

January,  1950 
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GENERAL  PRINCIPLES 


Chapter  I 


Introduction 


The  advance  of  civilization  and  the  production  of 
wealth  are  due  to  the  development  of  technology  and 
science.1  Technology  has  developed  by  practice  and 
invention— by  trial  and  error  in  the  first  place  and  by  the 
establishment  of  the  procedures  that  have  proved  satis¬ 
factory. 


Technology  can  advance  to  an  astonishing  extent  without 
any  accurate  knowledge  of  the  principles  on  which  it  is 
based.  Thus  the  early  worker  in  flint  made  his  tools  and 
weapons  with  great  skill,  and  the  technology  of  flint  working 
advanced  steadily,  though  very  slowly,  for  ages — ages  of 
which  the  period  can  be  calculated  by  the  technique  shown 
by  the  worked  flints.  Even  today  technology  proceeds  in  the 
same  manner.  The  practice  of  photography,  for  instance, 
preceded  any  knowledge  of  the  theory  of  the  photographic 
process.  Photographic  materials  were  made  by  trial,  and  to 
this  day  the  methods  used  in  their  manufacture  are  in  ad¬ 
vance  of  the  understanding  of  the  basic  science  of  the 

Advances  in  photographic  science  have  provided  a  work- 
mg  theory  of  the  light  sensitivity  of  photographic  materials 
of  what  happens  to  them  during  exposure,  and  of  what  haS 
pens  to  them  during  development.  But  the  relationship  be- 
tween  the  operations  of  making  the  photographic  emulsion 

York,  1946  ■’  h  01  Sc‘ence>”  John  Wiley  &  Sons,  Inc.,  New 


1 


2  Industrial  Scientific  Research 

the  dyes  absorb.  The  matter  is  being  elucidated,  but  igno¬ 
rance  of  it  did  not  prevent  the  discovery  of  great  numbers 
of  dyes  and  their  application  to  the  sensitizing  of  silver 
bromide. 

There  comes  a  point  in  technology,  however,  where  prog¬ 
ress  is  slow  or  even  stops  for  lack  of  knowledge  of  the  funda¬ 
mental  science.  Progress  in  photography  has  been  greatly 
accelerated  by  an  understanding  of  the  physical  chemistry 
underlying  the  photographic  process. 

Progress  in  engineering  is  dependent  to  a  very  great  ex¬ 
tent  on  fundamental  physics,  on  which  all  engineering  is 
based.  But  the  invention  of  the  steam  engine  was  not  de¬ 
pendent  upon  Newton’s  fundamental  work,  nor  was  the  de¬ 
velopment  of  the  gasoline  engine  dependent  upon  the  under¬ 
standing  of  Carnot’s  cycle.  It  is  easier  to  improve  engines  by 
the  use  of  thermodynamics;  but  the  men  who  invented 
the  engines  did  not  understand  thermodynamics,  and  many 
of  those  who  improved  them  almost  to  the  present  level  did 
so  without  any  knowledge  of  the  scientific  principles  which 
underlay  their  -work. 

Side  by  side  with  the  development  of  technology  has  gone 
the  growth  of  scientific  knowledge.  Scientific  knowledge 
arises  from  certain  characteristics  in  the  mind  of  man  which 
cause  him  to  seek  to  understand  phenomena.  He  does  so  by 
classifying  the  facts  relating  to  the  phenomena  under  con¬ 
sideration.  Certain  types  of  men  have  a  desire  to  classify 
facts  into  patterns,  to  associate  facts  with  each  other  and 
thus  understand,  as  they  would  say,  the  connections  between 
the  facts.  This  understanding  usually  arises  from  repetition 
of  the  same  facts  in  the  same  order.  There  is  no  difficulty,  for 
instance,  in  associating  the  phenomenon  of  rain  with  the 
presence  of  clouds,  and  one  of  the  earliest  facts  of  which  man 
was  aware  must  have  been  that  rain  comes  from  the  clouds. 
It  was  much  later,  however,  when  he  realized  that  lightning 
and  thunder  were  also  natural  phenomena  associated  with 
clouds;  and  primitive  man  does  not  seem  to  have  associated 
them  at  all  with  rain. 
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The  beginnings  of  science  are  to  be  found  in  a  system  of 
classification  in  which  different  facts  are  associated  and  re¬ 
garded  as  being  in  the  same  classification,  or,  as  it  is  usually 
put,  as  being  due  to  the  same  cause.  Very  often,  early  man 
was  wrong  in  his  classification,  and  his  association  of  facts 
proved  later  to  be  incorrect;  such  incorrect  associations  have 
persisted  through  the  ages.  When  such  incorrect  associations 
have  been  held  by  many  men  for  many  years,  they  are  often 
called  superstitions,”  and  they  become  so  rooted  in  men’s 
minds  that  they  are  very  difficult  to  eradicate. 


Bit  by  bit,  in  spite  of  mistakes  and  false  starts,  man  suc¬ 
ceeded  in  building  up  a  series  of  associations  among  the  facts 
he  knew  that  bore  the  only  test  having  any  value,  that  of 
confirmation  by  direct  observation  or  experiment.  Through¬ 
out  the  greater  portion  of  recorded  history,  the  material 
from  which  scientific  conclusions  were  drawn  was  the  obser¬ 
vation  of  naturally  occurring  facts.  Astronomy  was  of 
course,  derived  purely  from  observation.  Medicine  in’ the 
sense  of  anatomy  and  pathology  was  the  observation  of  the 
structure  of  the  body  and  of  disease.  The  experimental  sci¬ 
ences  were  almost  nonexistent  before  the  seventeenth  cen- 

wlu  ACt  e*penments  were  made  to  ascertain  facts 
hat  could  not  be  observed  without  them.  It  is  the  develop- 

ent  of  experimental  science  that  has  produced  the  rapid 

nges  in  the  evolution  of  society  which  have  occurred  since 

science  an^technology^  ***  ^  ^ of 
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enables  the  trials:  i  ^  scientific  method 
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which  it  is  concerned.  Moreover,  the  purposes  for  which 
research  is  undertaken  are  diverse.  A  research  may  be  started 
simply  for  the  acquisition  of  new  knowledge  or  in  the  hope 
that  the  results  will  advance  technology.  In  either  case,  sim¬ 
ilar  methods  will  be  used,  and  the  results  will  be  similar.  It 
is  usually  impossible  to  predict  whether  any  projected  re¬ 
search  work  will  be  of  value  in  its  applications  or  in  the  ad¬ 
vancement  of  knowledge.  In  many  cases  those  very  re¬ 
searches  undertaken  in  the  interests  of  pure  science  have 
proved  to  be  of  the  greatest  value  to  technology. 

Some  forms  of  scientific  research  are  applicable  to  tech¬ 
nology  in  only  the  smallest  degree.  The  work  of  the  astrono¬ 
mer  or  of  the  comparative  anatomist  would  appear  to  have 
very  little  possibility  of  application,  but  other  branches  of 
science  closely  allied  are  of  the  greatest  industrial  impor¬ 
tance.  Thus  the  work  of  the  illuminating  engineer  (who  re¬ 
quires  photometric  apparatus  designed  on  exactly  the  same 
principle  as  that  used  by  the  astronomer)  has  direct  appli¬ 
cation  to  industrial  lighting  and  that  of  the  entomologist 
(whose  work  is  closely  related  to  that  of  the  comparative 
anatomist)  to  agriculture.  An  investigator  in  pure  science 
desires  primarily  to  advance  knowledge,  whereas  an  investi¬ 
gator  in  applied  science  desires  to  apply  his  work  to  produce 
a  technological  advance.  But  the  purely  scientific  work  may 
eventually  prove  of  great  financial  value,  and  that  of  the 
industrial  investigator  may  be  of  real  worth  in  advancing 
scientific  knowledge. 

At  the  present  time  the  advance  of  technology  proceeds 
according  to  the  system  pictured  in  the  diagram  (Fig.  1).  It 
will  be  seen  that  the  advance  falls  into  two  sections,  research 
and  development.  The  research,  both  scientific  and  techno¬ 
logical,  proceeds  until  a  new  technical  method  is  established. 
The  adoption  of  this  new  method  in  manufacturing,  usually 
in  steps  involving  production  in  increasing  quantities,  is 
known  as  “development.” 

The  combination  of  technology  and  scientific  research  to 
produce  advances  in  technology  is  the  function  of  industrial 


-^\nq_Techn0/o 


Introduction 


5 


Establishment  of  Small  Scale  Use 


Pilot  Plant,  Models 


Adoption  in  Manufacturing 


•  1.  Diagram  showing  advance  of  technology. 
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scientific  research.  On  it  depends  the  standard  of  living  of 
the  people.  The  improvement  in  the  wealth  and  comfort  of 
the  people  of  the  Western  world,  which  has  taken  place  since 
1800  and  is  continuing  at  an  increasing  rate,  is  due  pri¬ 
marily  to  the  application  of  science  to  technology.  This  ap¬ 
plication  is  carried  on  largely  in  specialized  laboratories  con¬ 
nected  with  the  industries. 

It  is  often  stated  that  industrial  laboratories  must  select 
those  researches  which  will  pay  financially,  whereas  labora¬ 
tories  devoted  to  “pure”  research  are  not  under  any  such 
limitation.  But,  as  C.  P.  Steinmetz  points  out,2  there  is 
really  no  limitation  whatever,  since 

.  .  .  there  is  no  scientific  investigation,  however  remote  from 
industrial  requirements,  which  might  not  possibly  lead  to  indus¬ 
trially  useful  developments. 

Experience,  indeed,  has  shown  that  it  is  rare  that  sooner  or  later 
some  industrially  valuable  results  do  not  follow,  no  matter  how 
abstruse  and  remote  from  apparent  utility  a  scientific  investiga¬ 
tion  may  appear,  and  any  scientific  research  whatsoever  is  thus 
industrially  justified.  To  illustrate,  when  research  work  was  under¬ 
taken  by  the  Consulting  Engineering  Laboratory  of  the  General 
Electric  Company  on  the  electrostatic  corona  and,  in  general,  on 
dielectric  phenomena  in  the  air,  no  immediate  or  direct  benefit 
could  be  seen  for  the  industrial  company  which  financed  the  work, 
but  it  was  justified  by  the  consideration  that  a  greater  knowledge 
of  these  phenomena  may  extend  the  economic  limits  of  long  dis¬ 
tance  power  transmission  and  thereby  increase  the  industrial  de¬ 
mand  for  transmission  apparatus.  Nevertheless,  before  the  re¬ 
search  was  completed — if  research  can  ever  be  considered  com¬ 
pleted — it  had  led  to  a  redesign  of  practically  all  high  voltage 
transmission  apparatus  and  thus  proven  essentially  valuable  in 
industrial  design. 

The  selection  of  the  problems  to  be  investigated  in  an 
industrial  research  laboratory  is  discussed  in  detail  later,  but 
the  authors  endorse  emphatically  Steinmetz’s  opinion  that 

2  Steinmetz,  C.  P.,  Scientific  Research  in  Relation  to  the  Industries, 
Journal  of  the  Franklin  Institute,  182:712,  1916. 
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industrially  valuable  results  follow  from  almost  any  success¬ 
ful  scientific  research. 

The  distinguishing  feature  of  an  industrial  research  labora¬ 
tory  is  one  of  intention  and  not  one  of  method.  The  inten¬ 
tion  in  an  industrial  laboratory  is  to  apply  the  results  of 
research  to  technology.  As  soon  as  any  scientific  work  leads 
to  new  results,  the  director  and  staff  of  the  laboratory  begin 
to  consider  possible  applications  of  those  results  and  to  direct 
the  research  work  itself  toward  its  application  in  industry. 
The  justification  for  this  procedure  in  the  direction  of  indus¬ 
trial  scientific  research  is  its  success. 

Industrial  research  laboratories  have  undoubtedly  usually 
been  founded  in  the  belief  that  it  was  possible  to  select  for 
study  subjects  that  would  be  of  immediate  value  to  the 
industry  concerned.  In  practice,  however,  laboratories  fol¬ 
lowing  this  system  have  been  no  more  successful  than  those 
in  which  the  scientific  staffs  have  been  free  to  choose  any 
subject  in  which  they  felt  an  interest,  provided  that  the 
direction  of  the  laboratory  was  intent  upon  the  industrial 
application  of  any  results  achieved.  Experience  has  shown, 
in  act,  that  results  available  for  application  are  not  lacking 
from  any  active  research  laboratory.  The  extension  of  scien- 
ific  research  m  industry  is  limited  by  the  financial  require- 
nents  for  the  commercial  development  of  the  results  rather 
than  by  any  shortage  of  developable  results. 

an  attempt  were  made  to  formulate  the  common  belief 

zzg ; :  °,;isi”  “J  ?r'«  &K2 

laustnes,  the  stress  would  probablv  bp  nn  , 

ability  or  manufacturing  skill  of  the  founders  BuuT hf 
stead,  a  historical  surve-u  nf  ^  m- 
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factoring  businesses  depended  upon  discoveries' and 
tions  made  by  some  individual  or  .ronn  !  f  Ten" 

ess.  Indeed,  if  the Si TT-T"*0  “  industrial  proc- 
developed  are  marked  on  aman  'the  Van®us  lndustries  have 
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wise,  of  persons  who  operated  them  in  the  early  days.  More¬ 
over,  industries  are  frequently  transferred  from  one  locality 
to  another  and  even  from  one  country  to  another  by  the 
development  of  new  processes,  generally  by  new  individuals 
or  groups  of  workers. 

The  history  of  many  industries  is  that  they  were  origi¬ 
nated  and  developed  by  some  man  of  genius  who  was  fully 
acquainted  with  the  practice  of  the  industry  and  with  such 
theory  as  was  then  known.  Sometimes  his  successors  failed 
to  keep  up  with  progress  and  with  the  theory  of  the  cognate 
sciences;  and  sooner  or  later  some  other  genius  working  on 
the  subject  rapidly  advanced  the  available  knowledge  and 
gave  a  new  impetus  to  the  development  of  that  industry  in 
another  locality.  Thus,  in  the  early  days  of  the  technical 
industries,  the  development  of  new  processes  and  methods 
was  often  dependent  upon  some  one  man,  who  frequently 
became  the  owner  of  the  firm  that  exploited  his  discoveries. 
But,  with  the  increasing  complexity  of  industry,  the  amount 
of  technical  and  scientific  information  needed  has  increased, 
and  the  work  of  investigation  and  development,  formerly 
performed  by  an  individual,  has  been  delegated  to  special 
departments  of  the  organization,  one  example  of  which  is 
the  modern  industrial  research  laboratory. 

The  success  of  the  early  research  laboratories  is  common 
knowledge.  The  incandescent-lamp  industry,  for  instance, 
originated  in  the  United  States  with  the  carbon  lamp.  Lead¬ 
ership  was  nearly  lost  to  the  United  States  when  the  tung¬ 
sten  filament  was  developed,  only  to  be  rescued  from  that 
danger  by  the  development  of  drawn-wire-filament  lamps 
filled  with  inert  gas  in  the  research  laboratory  of  the  Gen¬ 
eral  Electric  Company.  If  the  theoretical  and  practical  work 
of  the  research  laboratory  of  the  General  Electric  Company 
had  not  been  kept  up,  the  company  could  by  no  means  have 
rested  secure  as  later  developments  in  electric  lighting  came, 
and  the  industry  might  have  been  transferred,  in  part  if  not 
completely,  to  the  originators  of  improvements. 
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The  development  of  industrial  research  has  not  only  con¬ 
trolled  the  relative  growth  of  individual  industries  but  has 
actually  been  a  great  factor  in  the  relative  development  of 
national  economies.  There  was  a  time  when  the  chief  makers 
of  photographic  lenses  were  the  British  firms  whose  owners 
had  been  largely  instrumental  in  developing  the  early  theory 
of  lens  optics,  but  their  position  was  lost  largely  as  a  result 
of  the  scientific  work  of  the  German  opticians,  led  by  Ernst 
Abbe.  In  a  smaller  division  of  optical  work,  however,  the 
staff  of  Adam  Hilger,  Limited,  was  able  by  its  superior 
knowledge  and  intensive  study  of  the  manufacture  of  mod¬ 
ern  spectroscopes  to  transfer  back  to  England  a  large  por¬ 
tion  of  the  manufacture  of  such  instruments. 


The  center  of  the  chemical  industry  in  its  early  days  was 
in  England,  but  the  growth  of  organic  chemistry  in  Germany 
led  to  the  vast  development  of  the  German  chemical  indus¬ 
try,  which  largely  supplied  the  whole  world  until  1914  and, 
e\ en  after  the  First  World  War,  was  able  to  a  great  extent 
to  recover  its  position.  In  1918,  however,  the  American 
chemical  industry  started  to  apply  scientific  research  on  a 
large  scale,  and  within  a  few  years  it  was  in  a  position  to 
supply  the  chemical  requirements  of  the  United  States. 

In  the  United  States,  industrial  research  started  in  the 
chemical  and  the  electrical  industries,  the  petroleum  com- 
pames  started  research  on  a  large  scale  between  1922  and 
J4U,  and  the  steel  companies  somewhat  later.  The  growth 
o  .  merican  chemistry  was  greatly  assisted  by  industrial 
research  on  the  use  of  petroleum  and  natural  gas  as  raw 
materials,  with  a  corresponding  production  of  the  aliphatic 

wZtar^Thlr  fr,VheSe  “  Duri"S  ‘»e  Second 
,  e  United  States  was  in  a  position  to  satisfy  its 

vast  requirements  for  synthetic  rubber  as  well  as  the  high 

octane  gasoline  needed  for  the  Air  Force.  Even  before  1939 

he  chennca,  industry  of  the  United  States  had  displaced 

that  of  Germany  ,n  the  leadership  of  the  world  exeunt  nos 

b  y  m  the  Pr°ducti0n  of  ^s,  ‘hough  even  in  that  field 
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adequate  supplies  were  available  for  domestic  require¬ 
ments. 

In  the  first  edition  of  this  book,  published  in  1920,  the 
author  wrote: 

The  great  value  of  scientific  research  both  to  the  industries  and 
to  the  nation  at  large  is  now  generally  recognized  throughout  the 
world,  and  the  last  few  years  have  seen  a  remarkable  increase  in 
the  efforts  to  stimulate  the  production  of  scientific  knowledge.  In 
1914  the  American  Association  for  the  Advancement  of  Science 
appointed  a  Committee  of  One  Hundred  to  inquire  into  the  steps 
which  should  be  taken  for  the  increase  of  scientific  research  in  the 
United  States,  and  the  work  of  this  committee  has  been  continued 
and  greatly  extended  by  the  National  Research  Council.  The  Brit¬ 
ish  government  has  appointed  a  Committee  of  the  Privy  Council 
to  deal  with  the  subject,  and  it  is  announced  that  in  France  a  new 
national  laboratory  on  a  very  large  scale  has  been  projected.  In 
Australia  the  government  has  appointed  a  special  department  to 
consider  what  steps  should  be  taken  for  the  organization  and  de¬ 
velopment  of  research  work  in  the  Commonwealth,  and  in  Canada 
the  matter  has  been  the  subject  of  government  inquiry  and 
solicitude. 

Among  the  industries  themselves  there  has  been  a  similar  awak¬ 
ening  to  the  value  of  research.  Many  industrial  corporations 
which  were  not  provided  with  research  facilities  heretofore  are 
making  such  provision,  whereas  small  corporations  which  cannot 
afford  to  support  extensive  laboratories  themselves  are  combining 
to  maintain  laboratories  doing  work  for  the  whole  industry.  Re¬ 
search  is  being  supported  by  governments,  by  private  gifts,  and 
by  the  industries,  and  though  at  the  present  moment  the  intention 
of  most  of  this  research  is  toward  applied  science,  there  is  no 
doubt  that  the  movement  will  be  accompanied  by  a  great  awaken¬ 
ing  and  extension  of  research  for  the  increase  of  knowledge  in 
pure  science. 

When  that  was  written,  industrial  research  was  in  its  early 
youth.  Since  then  it  has  continued  to  grow  at  an  increas¬ 
ing  rate.  The  basic  information  as  to  the  growth  of  industrial 
research  since  1925  in  the  United  States  is  contained  in  the 
series  of  surveys  conducted  by  the  National  Research  Coun- 
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cil.3  They  have  been  analyzed  by  the  Work  Projects  Admin¬ 
istration  and  by  the  National  Resources  Planning  Board. 

In  the  1921  National  Research  Council  survey,  462  com¬ 
panies  reported  that  they  had  9,350  workers  engaged  in 
research.  In  1940,  there  were  2,350  companies  reporting 
70,033  persons  engaged  in  technical  research  in  American 
industry.  Research  expenditure  by  industry  in  1920  has  been 
estimated  at  $29,000,000  and  in  1940  at  $234,000,000.  Be¬ 
tween  1921  and  1927,  the  number  of  workers  was  found  to 
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have  doubled,  though  some  of  this  reported  growth  was  due 
to  increased  coverage  of  the  surveys.  Approximately  25  per 
cent  of  the  reported  increase  is  attributable  to  the  electrical 
industries  and  another  20  per  cent  to  the  chemical  industries, 
including  rubber  and  petroleum.  The  growth  between  1920 
and  1947  is  shown  in  Fig.  2.  Here  again  some  of  this  growth 
must  be  ascribed  to  the  continually  increasing  coverage  of 
the  later  surveys. 

Another  survey  of  industrial  research  in  the  United  States 
was  published  at  the  end  of  1947  by  the  National  Association 
of  Manufacturers.  Nine  hundred  and  eighty  firms  replied  to 
a  questionnaire  concerning  their  research  activities,  and  750 
reported  that  they  carry  on  a  definite  research  program.  Of 
these  firms,  557  stated  that  they  operate  their  own  labora¬ 
tories,  whereas  193  depend  upon  outside  facilities  for  the 
research  they  do.  Approximately  one-third  of  these,  about  9 
per  cent  of  those  with  a  research  program,  depend  upon  the 
facilities  of  trade  associations.  The  number  includes  espe¬ 
cially  concerns  making  lumber,  food,  stone,  clay  and  glass 
products,  and  the  printing  industries. 

Contrary  to  the  popular  belief  that  small  companies  can¬ 
not  afford  their  own  laboratories,  even  the  smaller  companies 
who  conduct  research  programs  seem  to  prefer  to  have  their 
own  laboratories.  The  following  table  is  interesting: 


Gross  annual  sales, 
thousands  of  dollars 

No.  of  companies 
conducting  research 

Percentage  with 
research  laboratories 

0-  250 

29 

48 

250-  1,000 

116 

55 

1,000-  2,500 

142 

67 

2,500-  5,000 

125 

70 

5,000-10,000 

82 

78 

Above  10,000 

201 

95 
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It  will  be  seen  that  a  considerable  number  of  small  and 
medium-sized  companies  conduct  research.  From  the  figures 
available,  it  would  appear  that,  when  one  or  two  companies 
in  an  industry  start  research,  their  competitors  are  stimu¬ 
lated  to  do  so.  Also,  once  a  company  engages  in  research,  it 
tends  to  increase  the  scale  of  that  work  rather  rapidly.  The 
greater  part  of  the  industrial  research  of  the  country,  how¬ 
ever,  is  carried  out  by  a  number  of  large  corporations.  Thus 
the  total  personnel  engaged  in  research  has  increased  more 
rapidly  than  the  number  of  companies  doing  research ;  also, 
there  are  numerous  businesses  doing  a  very  small  amount  of 
research. 

In  Great  Britain,  the  Federation  of  British  Industry  has 
carried  out  a  detailed  survey  of  research  in  private  firms.4 
This  revealed  that  about  1,000  British  firms  are  now  carry¬ 
ing  out  industrial  research.  The  survey  itself  included  replies 
from  420  firms;  in  fact,  it  covered  about  75  per  cent  of  indus¬ 
try’s  research  effort.  The  total  amount  spent  annually  by 
British  industry  on  research  and  development  within  its  own 
establishments  is  now  of  the  order  of  £30,000,000,  and  it  is 
estimated  that  about  45,000  persons  are  employed  directly 
in  industrial  research  and  development  in  industry.  Of  these, 
about  10,000  are  university  graduates  or  have  equivalent 
qualifications,  comprising  mathematicians,  physicists,  chem¬ 
ists,  biological  scientists,  engineers,  metallurgists,  and  others. 
Nearly  half  of  those  qualified  are  chemists,  and  one-third 
are  engineers.  About  100  firms  have  research  programs  rang- 
mg  over  all  aspects  of  their  business,  including  fundamental 
and  basic  research  as  defined  above,  and  a  further  70  have 
broad  research  programs  within  a  specialized  field. 

The  basis  of  the  whole  system  of  scientific  research  in 
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industry  is  the  accumulated  body  of  valid  ideas  known  as 
scientific  knowledge.  The  increase  of  this  scientific  knowl¬ 
edge  in  the  past  and  in  the  future  is  largely  the  work  of  the 
universities.  The  primary  functions  of  a  university  are  the 
creation  of  knowledge  and  the  education  and  training  of  its 
students,  and  everything  tending  toward  this  end  is  there¬ 
fore  a  necessary  and  proper  function  of  the  university.  For 
the  development  of  advanced  technical  and  scientific  ex¬ 
perts,  a  training  in  the  methods  of  scientific  research  is 
agreed  to  be  absolutely  necessary,  and  for  this  reason  alone 
research  work  must  be  undertaken  in  university  laboratories. 
But,  further  training  in  the  methods  of  research  can  be 
given  only  by  teachers  who  are  themselves  skilled  research 
workers,  and  for  this  reason  the  professors  and  instructors 
of  the  university  must  be  engaged  in  research  work  if  they 
are  to  fulfill  their  duties  properly.  The  laboratories  of  the 
universities  must  therefore  always  continue  to  be  important 
agencies  for  the  extension  of  scientific  knowledge.  In  one 
respect,  indeed,  the  laboratories  of  the  universities  are  of 
primary  importance  in  that  there  is  still  in  the  universities 
a  tradition  of  complete  freedom  as  to  the  direction  that 
investigation  may  take. 

The  preeminence  of  the  universities  in  scientific  work  will 
continue  as  long  as  the  research  work  in  university  depart¬ 
ments  continues  free  from  any  external  direction  or  organi¬ 
zation.  Compared  with  other  agencies  for  the  prosecution  of 
scientific  research — research  institutes,  technological  insti¬ 
tutes,  industrial  laboratories — universities  are  at  a  disadvan¬ 
tage.  The  investigators  are  often  burdened  with  administra¬ 
tion  and  with  teaching;  they  are,  on  the  whole,  poorly  paid; 
and  it  is  difficult  for  them  to  obtain  funds  for  equipment. 
Clearly,  they  should  not  have  been  able  to  advance  knowledge 
as  rapidly  or  as  widely  as  the  professional  research  workers  of 
the  industrial  laboratories  or  the  research  institutes.  But 
they  are  free — they  can  explore  unpromising  paths  and 
make  experiments  that  any  administrator  would  regard  as 
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useless,  and  sometimes  those  experiments  succeed  and  those 
paths  lead  to  new  fields  of  knowledge.5 

The  danger  is  that  this  great  advantage  of  the  universities 
may  be  lost.  During  the  Second  World  War,  the  universities 
abandoned  their  unordered  system  of  inquiry  and  organized 
their  research  work  along  the  lines  dictated  by  the  require¬ 
ments  of  the  armed  forces.  There  is  a  real  danger  that  this 
direction  of  the  work  of  the  universities  may  continue  in 
times  of  peace  as  part  of  a  national  directing  and  organizing 
system.  If  this  change  occurs,  the  disadvantages  will  remain 
and  the  overwhelming  advantage  of  freedom  will  disappear. 

A  most  important  series  of  documents  wrere  issued  in  the 
autumn  of  1947  by  the  President’s  Scientific  Research 
Board.  The  Board  comprises  a  large  group  of  United  States 
government  officials,  John  R.  Steelman,  the  assistant  to 
the  President,  being  its  chairman.  The  first  volume  of  these 
reports,  issued  under  the  general  title  of  “Science  and  Public 
Policy,”  is  entitled  “A  Program  for  the  Nation.”  It  points 
out  that  “the  United  States  has  no  unified  or  comprehensive 
policy  on  scientific  research  or  the  support  of  science.”  It 
continues: 


In  the  present  state  of  the  world,  this  situation  cannot  be 
allowed  to  continue.  The  public  interest  is  too  intimately  associ¬ 
ated  with  scientific  progress  for  science  to  be  treated  as  a  govern¬ 
mental  stepchild.  We  are,  moreover,  spending  too  much  public 
money  in  furtherance  of  research  and  development  not  to  give 
careful  attention  to  the  manner  in  which  it  is  spent. 


Ihe  report  shows  that  the  nation’s  research  and  develop¬ 
ment  effort  has  grown  very  rapidly,  the  total  expenditures 
increasing  from  $166,000,000  in  1930  to  $345,000,000  in  1940. 

5  Prof-  Hu§h  Taylor>  dean  of  the  Graduate  School  at  Princeton  Uni 
versity,  however,  offers  another  reason  for  the  J  nnceton  Um- 

scientific  research.  He  feels  that  thp  omf'  i  a  universities  in 

gives  to  the  univerSy °f 
other  centers  of  scholarship  lack.”  and  a  potential  tha* 
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Table  I,  taken  from  the  first  volume  of  the  report,  analyzes 
these  expenditures  according  to  their  source: 


Table  I.  Comparison  of  National  Research  and  Development  Ex¬ 
penditures,  1930  to  1945  (Excluding  Atomic  Energy) 


Year 

Millions  of  dollars  expended 

Percentage  of  total  expenditures 

Total 

Federal 

govern¬ 

ment 

Indus¬ 

try 

U  niver- 
sities 

Other* 

F  ederal 

govern¬ 

ment 

Indus¬ 

try 

Univer¬ 

sities 

Other 

1930 

166 

23 

116 

20 

7 

14 

70 

12 

4 

1932 

191 

39 

120 

25 

7 

20 

63 

13 

4 

1934 

172 

21 

124 

19 

8 

12 

73 

11 

4 

1936 

218 

33 

152 

25 

8 

15 

70 

11 

4 

1938 

264 

48 

177 

28 

11 

18 

67 

11 

4 

1940 

345 

67 

234 

31 

13 

19 

68 

9 

4 

1941-45  av. 

600 

500 

80 

10 

10 

83 

13 

2 

2 

*  State  governments,  private  foundations,  and  research  institutes,  in¬ 
cluding  nonprofit  industrial  institutes. 


It  should  be  mentioned  that  the  drop  in  expenditures  by 
industry  and  the  universities  between  1941  and  1945  is  due 
to  the  use  of  their  facilities  for  carrying  out  the  military 
research  programs  paid  for  by  the  government.  After  the 
war,  expenditures  by  industry  not  only  returned  to  their 
prewar  level  but  increased  rapidly.  The  universities  contin¬ 
ued  to  receive  assistance  from  the  government,  and  the  large 
laboratories  organized  during  the  war  for  military  research 
continued  in  operation.  The  figures  necessary  to  complete 
the  table  for  the  postwar  years  do  not  appear  to  be  avail¬ 
able. 

The  Steelman  report  estimates  that,  had  the  war  not 
forced  a  tremendous  expansion,  nevertheless  the  “natural” 
growth  would  have  doubled  the  expenditure  on  research  and 
development  between  1940  and  1950.  Thus  the  “natural” 
growth,  without  any  governmentally  controlled  policy,  is  a 


Introduction  ^  ‘ 

doubling  of  research  and  development  expenditure  in  ten 
years.  The  report  proposes  the  following  for  the  future. 

Our  national  expenditures  for  research  and  development  should 
increase  as  rapidly  as  possible.  By  1957,  we  should  have  at  least 
doubled  our  present  budget  for  this  purpose.  .  .  .  [The  report 
considers,  however,  that]  our  present  research  and  development 
program  is  unbalanced  in  these  three  respects: 

We  are  devoting  too  small  a  proportion  of  our  total  resources 
to  basic  research; 

We  are  devoting  too  small  a  proportion  of  our  total  research 
and  development  resources  to  health  and  medicine; 

We  are  devoting  too  small  a  proportion  of  our  development  re¬ 
sources  to  nonmilitary  ends. 

These  deficiencies  in  our  present  program  should  be  corrected 
as  rapidly  as  possible  so  that  by  1957  we  will  be  spending,  as  a 
Nation: 

At  least  four  times  as  much  as  at  present  on  basic  research ; 

At  least  three  times  as  much  as  at  present  on  research  in  health 
and  medicine; 

At  least  twice  as  much  as  at  present  on  nonmilitary  develop¬ 
ment. 


This  report  resulted  in  the  proposal  that  Congress  should 
authorize  the  establishment  of  a  National  Science  Founda¬ 
tion  to  spend  $50,000,000  in  support  of  basic  research  during 
its  first  year  and  to  increase  its  expenditure  to  at  least 
$250,000,000  a  year  by  1957. 

President  Roosevelt  in  November,  1944,  addressed  a  letter 
to  Vannevar  Bush,  director  of  the  Office  of  Scientific  Re¬ 
search  and  Development,  in  which  he  acknowledged  the 
value  of  the  work  of  the  Office  during  the  war  and  asked  for 
Bush  s  recommendations  for  the  use  of  applied  science  in 
times  of  peace  “for  the  improvement  of  national  health  the 
creation  of  new  enterprises  bringing  new  jobs,  and  the  ’bet¬ 
terment  of  the  national  standard  of  living.”  Bush’s  reply 
took  the  form  of  a  pamphlet,  “Science,  the  Endless  Frontier 
being  a  report  to  the  President  on  a  program  for  postwar 
scientific  research.  In  this  report,  after  considering  the  im- 
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portance  of  scientific  progress  in  relation  to  medicine,  na¬ 
tional  security,  and  the  public  welfare,  Bush  proposed  that 
a  new  agency  should  be  established  to  support  basic  research 
in  medicine  and  the  natural  sciences,  to  support  research  on 
new  weapons,  and  to  administer  a  program  of  science  schol¬ 
arships  and  fellowships. 

The  support  of  scientific  research  on  a  large  scale  has  met 
with  general  endorsement,  but  much  fear  has  been  felt  that 
with  that  support  there  might  come  control  which  would 
endanger  the  freedom  of  scientists  and  diminish  the  effec¬ 
tiveness  of  their  work.  Thus,  Frank  B.  Jewett,  formerly 
president  of  the  Bell  Telephone  Laboratories  and  president 
emeritus  of  the  National  Academy  of  Sciences,  says  in  his 
introduction  to  the  fifth  volume  of  “Science  in  Progress”:  6 

All  of  the  proposals  for  federal  support  of  science  now  being 
considered  involve  some  measure  of  direct  or  indirect  political 
control  of  science.  Some,  such  as  S.  1850, 7  involve  strong  controls 
which  are  far  reaching,  uncertain,  and  dangerous.  In  some  direc¬ 
tions  the  immediate  advantages  which  would  accrue  from  federal 
monetary  support  are  obvious.  The  things  that  are  not  so  obvious 
are  the  restraints  on  free  scientific  research  which  the  dispensing 
of  such  money  would  inevitably  place  in  the  hands  of  political 
government  and  in  an  unknown,  essentially  uncontrolled  bureau¬ 
cracy.  It  is  a  question  on  which  scientific  men  can  and  do  differ 
widely.  Before  a  final  decision  is  reached,  it  is  a  matter  that 
should  be  thoroughly  debated.  At  the  moment,  some  of  the  forces 
at  play  in  the  debate  are  based  on  assumptions  which  may  or  may 
not  be  valid.  Principal  among  these  is  the  tacit  assumption  that  it 
is  clearly  in  the  interest  of  society  greatly  to  stimulate  the  prog¬ 
ress  of  science  in  all  sectors  far  beyond  that  which  would  occur  if 
things  were  left  to  the  normal  balances  of  interest  in  a  complex 
society.  It  is  an  assumption  and  urge  participated  in  by  men  of 
science  and  laymen  alike.  For  the  former,  i.e.,  the  scientists,  it  is 

6  Jewett,  F.  B.,  “The  Future  of  Scientific  Research  in  the  Post  War 
World,”  edited  by  George  A.  Baitsell,  Yale  University  Press,  New 
Haven,  1947. 

7  S.  1850  is  one  of  the  bills  for  a  National  Research  Foundation  intro¬ 
duced  in  the  Senate  in  1946. 
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natural  and  understandable.  It  is  their  field  of  interest  and  they 
see  such  a  multitude  of  interesting  things  to  do  that  they  are  avid 
to  speed  up  the  exploratory  machinery.  For  the  latter,  i.e.,  the  lay¬ 
men,  however,  the  urge  is  to  a  large  extent  motivated  by  a  feeling 
that  more  "gadgets”  of  the  kind  science  and  technology  can  pro¬ 
duce  will  ipso  facto  lead  to  a  better  life.  In  some  sectors,  notably 
those  which  radiate  from  the  roots  of  the  biological  sciences,  this 
may  be  true.  In  other  sectors  the  assumption  is  at  least  open  to 
serious  question. 

To  anyone  who  has  reviewed  objectively  the  progress  of  the 
past  50  or  60  years,  during  which  the  flood  of  utilitarian  things 
based  on  science  has  increased  so  enormously  and  at  such  an  accel¬ 
erated  rate,  a  question  must  arise  as  to  whether  there  is  not  some 
limit  to  the  speed  with  which  society  can  wisely  assimilate  radi¬ 
cally  new  things  of  science  en  masse  into  the  social  structure. 


In  addition  to  this  urge  for  the  increase  of  work  in  the 
application  of  science,  governmental  control  and  direction 
of  science  will  take  the  form  of  systematic  planning.  This 
insistence  o  i  planning  is  part  of  an  intellectual  trend  away 
from  the  laissez-faire  attitude  of  liberalism  that  pervaded 
intellectual  thought  in  the  nineteenth  century  and  toward 
a  generally  planned  economy.  This  trend  has  several  origins. 
It  is  due  partly  to  the  anxiety  that  men  feel  today  for  the 
future  and  to  the  urge  to  "do  something”  about  it.  But  it  is 
due  also  to  the  rising  importance  in  the  intellectual  life  of 
the  world  of  the  engineers,  to  whom  planning  is  a  fundamen- 
ta  of  life.  If  one  has  been  educated  chiefly  by  reading  Plato 
and  Euripides,  he  has  little  faith  in  planning.  If,  0n  the 
°  er  an  ,  he  has  been  educated  at  an  engineering  school 
and  has  since  spent  his  time  in  erecting  buildings,  making 

nintSTb°r  CeS!gn!?S  automoblles>  he  has  much  faith  in  plan- 
,  §,T^?Se  wh°  dommated  thought  at  the  turn  of  the  cen- 
ury  had  been  educated  as  classicists;  those  who  lead  thought 
today  have  been  largely  educated  as  engineers.  Which  school 

Plans  for  the  future  can  be  made  and  can  be  carried  out 
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provided  that  the  limitations  of  planning  are  borne  in  mind. 
Only  those  things  can  be  planned  which  can  be  controlled, 
and  plans  are  carried  out  only  as  long  as  control  is  effective. 
Production  in  a  factory  can  be  planned  because  it  can  be 
controlled.  If  production  is  falling  below  needs,  it  can  be 
increased ;  if  it  exceeds  them,  it  can  be  diminished.  The  two 
requisites  for  planning  are  knowledge  of  the  processes  to  be 
controlled  and  physical  power  to  control  them.  When  plan¬ 
ning  is  extended  to  fields  of  which  little  knowledge  is  avail¬ 
able  and  from  things  which  can  be  controlled  to  those  which 
in  their  nature  are  uncontrollable,  planning  fails. 

When  these  principles  are  applied  to  the  planning  of  sci¬ 
entific  research,  the  kinds  of  research  which  can  be  planned 
best  are  found  to  be  those  which  are  least  fundamental.  Pro¬ 
duction  can  always  be  planned.  The  last  stages  of  develop¬ 
ment  can  be  planned  with  considerable  certainty.  When  a 
new  chemical  has  been  made  in  the  laboratory  and  the  yields 
have  been  tested,  a  pilot  plant  must  be  built.  The  building 
of  this  pilot  plant  and  even  the  time  required  to  test  the 
processes  on  a  moderate  scale  can  be  foreseen,  and  so  in 
chemical  factories  pilot-plant  operation  is  usually  carried 
out  not  as  a  research  experiment  but  as  a  cooperative  effort 
involving  both  the  research  men  who  originated  the  process 
and  the  production  men  who  will  operate  it.  Not  infre¬ 
quently  the  whole  is  under  the  direction  of  a  chemical  engi¬ 
neering  group  who  specialize  in  pilot-plant  operations. 

When  more  basic  research  is  considered,  planning  neces¬ 
sarily  becomes  less  certain.  If  a  new  chemical  has  been  made 
in  the  laboratory,  there  is  no  doubt  that  it  can  be  made  in 
the  pilot  plant  in  spite  of  the  fact  that  new  problems  may 
arise.  If  the  chemical  has  never  been  made  or  even  if  it  has 
been  made  but  the  yields  are  unsatisfactory,  there  is  less 
certainty  of  the  time  and  effort  required  to  prepare  the 
process  for  a  pilot-plant  test.  Nevertheless,  all  technological 
development  of  this  type  can  be  and,  to  a  considerable 
extent,  should  be  planned. 

When,  however,  the  exploratory  work  is  even  less  well 
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defined  and  an  entirely  new  process  is  concerned,  any  close 
planning  of  the  work  is  not  likely  to  be  of  value.  In  practice, 
the  problem  is  presented  to  a  competent  chemist,  and  he  is 
left  to  study  parallel  syntheses  in  the  literature  and  to  try 
one  method  after  another  which  may  lead  to  the  result 
required. 

The  chances  of  making  discoveries  that  will  advance  a 
branch  of  science  can  be  increased  simply  by  having  more 
men  engaged  in  work  in  that  field.  Much  of  the  recent  ad¬ 
vance  in  the  science  of  astronomy  has  come  from  the  accu¬ 
mulation  of  facts  by  a  considerable  number  of  observers, 
these  facts  being  published  and  so  made  available  for  mathe¬ 
matical  analysis  by  a  limited  number  of  skilled  analysts. 
Many  discoveries  in  astronomy  have  been  made,  as  is  said, 
by  accident,”  but  the  accident  could  have  occurred  only  to 
an  astronomer  who  was  working  in  that  field.  The  discovery 
of  the  shaip  absorption  lines  produced  by  the  scattered  mole¬ 
cules  of  interstellar  space,  for  instance,  could  not  have  been 
made  unless  astronomers  had  been  photographing  distant 
galaxies  with  powerful  spectroscopes,  and  even  then  their 
detection  depended  upon  the  use  of  a  comparatively  fine- 
gramed  and  therefore  relatively  insensitive  photographic 
plate  Scientific  discoveries  of  a  basic  type  result,  therefore, 
no  rom  an  attempt  to  make  a  given  discovery  but  from 
concentration  upon  a  special  field  of  work  by  men  using 
instruments  of  sufficient  power  and  having  sufficient  skill  to 
recognize  the  discoveries  when  they  appear 

In  the  organization  of  scientific  researched  its  apnlica- 
tion  to  technology,  therefore,  the  value  of  planning  varies 
from  the  necessity  for  detailed  planning  by  engineering  ex 
perts,  when  a  discovery  is  to  be  applied  on  a  la  ge  ”afe  to 

£  Z ,T£  “T"  ”d 
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work  have  ,  v  pIa"mng  a"d  direction  of  scientific 

have  been  responsibleVor  P‘1®rally.shared  by  those  who 
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much  upon  the  psychology  of  the  various  scientific  workers, 
that  it  is  difficult,  if  not  impossible,  to  direct  it,  even  if  a 
general  agreement  were  possible  as  to  the  goal  toward  which 
it  should  be  directed.  Many  times  in  the  history  of  science 
the  greatest  experts  have  expressed  themselves  as  to  the 
feasibility  of  solving  certain  problems  or  achieving  certain 
results,  and  in  most  cases  their  decisions  have  been  errone¬ 
ous.  The  application  of  science  can  be  directed  to  produce 
results  of  value;  the  creation  of  science  proceeds  from  the 
free  operation  of  the  minds  of  scientists. 


Chapter  II 


The  Development  of  Scientific  Organization 


The  advance  in  technology  that  characterizes  the  pres¬ 
ent  time  has  been  achieved  by  a  very  small  number  of 
men,  and  even  today  our  productive  system  is  oper¬ 
ated  by  a  small  group  of  men  trained  in  the  sciences  who 
utilize  the  knowledge  that  has  accumulated  largely  since 
the  birth  of  Newton.  This  group  is  called  “the  fifth  estate” 
by  A.  D.  Little  in  an  essay  in  which  he  discusses  their  rela¬ 
tion  to  the  rest  of  mankind.1  He  says: 


The  fifth  estate  is  composed  of  those  who  have  the  simplicity 
to  wonder,  the  ability  to  question,  the  power  to  generalize,  the 
capacity  to  apply.  It  is,  in  short,  the  company  of  thinkers,  work¬ 
ers,  expounders,  and  practitioners  upon  whom  the  world  is  abso¬ 
lutely  dependent  for  the  preservation  and  advancement  of  that 
organized  knowledge  which  we  call  science. 


Little  considered  that  the  effective  number  of  such  per¬ 
sons  was  very  small.  In  1928,  he  guessed  that  there  might  be 
ess  than  100,000  in  the  world.  Small  as  this  number  is,  it  is 
the  scientists  who  produce  science.  As  A.  von  Harnack 2  says 

izzsssr**  “d "  ,nd  *■">*  -  •»” 

Like  other  forms  in  nature,  the  scientist  prospers  in  some 

a  mospheres  than  others>  and  the  puPpoP  ™me 

n  in  research  is  to  assist  and  stimulate  the  individual 
Besides  financial  support  for  living,  a  place  to  work  eauin 
ment  to  work  with,  and  personal  assistants  a  scientist  re 

^  work;  ditiot 

,  A.  v.,  The  Handwriting  on  the  Wall  ”  n  9*0  t  t> 

&  Company,  Boston,  1928.  ’  p*  Little,  Brown 

2  See  A.  Flexner,  “Universitip<5  ”  tv  no  r\  c  ,  TT  . 

York,  1930.  ’  P’  119,  0xford  University  Press,  New 
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with  other  scientists,  criticism,  and  facilities  for  publication. 
It  is  to  these  intellectual  needs  that  the  organization  of  sci¬ 
entific  research  is  due. 

Not  until  the  middle  of  the  seventeenth  century  was  there 
any  organization  for  the  advance  of  scientific  knowledge. 
Before  then  there  were  so  few  scientific  workers  that  any 
grouping  or  association  of  them  would  have  been  impossible. 
Nevertheless,  Francis  Bacon  in  his  writings  on  the  philoso¬ 
phy  of  science  proposed  a  great  scheme  for  the  investigation 
of  nature  by  observation  and  experiment,  A  great  number 
of  observed  facts  would  be  collected,  and  from  them  the 
fundamental  processes  of  nature  could  be  understood.  In 
this  way,  he  believed,  it  was  possible  to  attain  to  “the  knowl¬ 
edge  of  Causes  and  secret  motions  of  things,  and  the  enlarg¬ 
ing  of  the  bounds  of  Human  Empire,  to  the  effecting  of  all 
things  possible.”  This  was  a  great  vision,  a  new  vision  on  the 
earth,  and  a  vision  that  has  in  some  measure  been  realized. 
The  method  that  Bacon  suggested  for  carrying  out  this  idea 
was  the  organization  of  a  research  institute,  which  he  en¬ 
titled  the  “House  of  Salomon”  and  described  in  his  “New 
Atlantis.”  This  institute  contained  a  series  of  laboratories 
for  experimental  research  equipped  with  Utopian  perfec¬ 
tion — caves  in  the  ground,  high  towers,  buildings  on  moun¬ 
tains,  “the  highest  of  them  three  miles  at  least;  great  lakes, 
both  salt  and  fresh,”  pools,  rocks  in  the  sea,  and  bays  upon 
the  shore;  artificial  wells  and  fountains;  great  and  spacious 
houses,  in  which  could  be  imitated  meteors  and  snow,  hail, 
and  rain;  orchards  and  gardens  full  of  trees  and  herbs,  with 
soil  of  various  kinds  in  which  could  be  produced  new  plants 
differing  from  those  known. 

In  these  experimental  stations  and  laboratories,  Bacon 
saw  the  possibilities  of  experiments  in  genetics,  physiology, 
pharmacology,  mechanical  arts,  metallurgy,  optics,  crystal¬ 
lography,  and  all  branches  of  physics  and  chemistry.  This 
research  institute  was  to  be  manned  by  a  great  company  of 
Fellows,  to  whom  Bacon,  with  his  passion  for  detailed  or¬ 
ganization,  allotted  specific  functions.  Some  were  to  study 
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written  works  and  to  travel  in  search  of  knowledge  from 
abroad ;  some  were  to  make  observations  and  experiments, 
and  some  were  to  carry  out  computations  on  the  results  ot 
these  experiments  and  to  develop  theories  and  devise  new 
experiments.  A  noble  dream,  much  before  its  time  and 
greatly  overorganized,  it  led  to  the  idea  of  cooperation  in 
the  pursuit  of  knowledge.  From  it  came  the  impulse  that 
founded  the  Royal  Society. 

Bacon,  however,  was  not  really  describing  a  learned  soci¬ 
ety;  he  was  describing  a  research  institute  or,  rather,  a  group 
of  research  institutes.  His  plan  was  much  more  akin  to  the 
Kaiser  Wilhelm  Institute  or  to  the  research  institutes  of 
the  USSR  than  to  the  Royal  Society  or  the  Academie  des 
Sciences. 

Soon  after  the  middle  of  the  seventeenth  century,  groups 
of  experimenters  in  various  countries  began  to  meet  to  dis¬ 
cuss  their  work  and  to  exchange  views.  In  1657,  for  instance, 
Prince  Leopold  of  Tuscany,  w-ho  wTas  an  ardent  experimenter, 
invited  to  his  palace  in  Florence  a  number  of  kindred  spirits, 
many  of  them  disciples  of  Galileo  or  students  of  his  dis¬ 
ciples.  In  England,  the  development  of  the  telescope  and  the 
microscope  and  the  discussion  of  the  wonders  they  revealed 
created  widespread  interest,  and  men  from  many  strata  of 
society  joined  the  ranks  of  the  amateurs  studying  new  exper¬ 
iments.  Many  of  these  amateurs  belonged  to  the  English 
aristocracy,  foremost  among  whom  was  Robert  Boyle,  a 
younger  son  of  the  great  Earl  of  Cork.  Boyle  devoted  his 
whole  life  to  scientific  research  and  discovered  the  relation 
between  the  pressure  and  the  volume  of  a  gas,  still  known 
as  “Boyle’s  law.”  When  a  young  man,  Boyle  associated  with 
a  group  of  enthusiastic  experimenters,  to  which  he  refers  in 
a  letter  as  “our  invisible  college.”  The  meetings  of  this  group 
were  greatly  interrupted  by  the  Civil  War,  and  it  was  not 
until  the  restoration  of  the  monarchy  that  life  in  London 
cou  d  move  on  the  old  lines.  But  in  1660  a  movement  was 
made  toward  a  definite  organization  of  this  interest  in  experi¬ 
mental  philosophy,  and  in  the  next  two  years  a  society  was 
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formed  that  in  1662  was  incorporated  under  the  patronage 
of  King  Charles  II  with  the  name  of  the  Royal  Society. 

Among  those  who  founded  the  society  were  Robert  Boyle, 
John  Evelyn,  and  Sir  Christopher  Wren,  who,  though  com¬ 
monly  thought  of  only  as  an  eminent  architect,  was  the  most 
widely  accomplished  man  of  his  time.  Among  the  subjects 
in  which  he  was  a  recognized  authority  were  mathematics, 
astronomy,  meteorology,  and  anatomy. 

With  the  formation  of  the  Royal  Society,  organization 
entered  the  history  of  science.  For  the  first  time,  there  were 
a  nucleus  and  a  meeting  place  for  those  interested  in  experi¬ 
mental  science,  a  method  of  exchanging  views,  and,  what 
was  perhaps  even  more  important,  a  method  of  publication. 
The  first  task  of  the  Royal  Society  was  to  begin  publication 
of  its  Philosophical  Transactions,  which  has  continued  ever 
since. 

The  American  Philosophical  Society,  the  oldest  scientific 
society  in  the  United  States,  was  founded  by  Benjamin 
Franklin  in  1743  as  the  successor  to  a  small  group  of  enthu¬ 
siasts,  the  Junto,  which  dated  from  1727.  In  1769  the  Amer¬ 
ican  Philosophical  Society  and  the  American  Society  joined 
to  form  the  American  Philosophical  Society  Held  at  Phila¬ 
delphia  for  Promoting  Useful  Knowledge,  under  which 
name  the  society  still  flourishes. 

The  development  of  science  in  the  seventeenth  century 
and,  indeed,  in  much  of  the  eighteenth  was  the  work  of  the 
scientific  societies  rather  than  of  the  universities.  These  soci¬ 
eties  assumed  responsibility  for  the  progress  of  science  and 
developed  the  experimental  method,  which  found  no  wel¬ 
come  in  the  universities  of  that  period,  steeped  as  they  were 
in  the  spirit  of  tradition. 

It  was  not  until  the  nineteenth  century  that  the  universi¬ 
ties  began  to  teach  experimental  science  (then  usually  re¬ 
ferred  to  as  “natural  philosophy”).  The  university  teachers, 
realizing  their  ignorance,  as  all  scientists  do  when  they  essay 
to  teach  anything,  started  experimental  work  to  extend  their 
knowledge.  Indeed,  only  by  assiduous  effort  and  discovery 
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could  the  facts  of  natural  philosophy  be  sufficiently  corre¬ 
lated  to  make  possible  their  presentation  in  an  orderly  man¬ 
ner  so  that  they  could  be  understood  by  the  immature  minds 
with  which  a  university  has  largely  to  deal.  This  need  for 
investigation  by  the  teacher  was  so  marked  and  the  success 
of  teachers  engaged  in  experimental  study  was  so  pro¬ 
nounced  that  it  was  generally  recognized  that  the  best  ad¬ 
vanced  training  in  science  could  be  obtained  only  under  a 
man  who  was  himself  actively  engaged  in  promoting  the 
science  that  he  taught.  Through  the  nineteenth  century,  the 
advancement  of  science  was  a  function  of  the  work  of  the 
universities  (Chap.  I). 

As  the  scientific  departments  in  the  universities  increased 


in  number  and  strength,  they  began  to  display  an  increasing- 
degree  of  specialization.  By  the  end  of  the  nineteenth  cen¬ 
tury,  a  professor  could  no  longer  teach  general  chemistry; 
the  subject  had  differentiated  itself  into  inorganic,  physical, 
and  organic  divisions,  and  each  professor  tended  to  special¬ 
ize  not  only  in  his  teaching  but  in  the  researches  carried  out 
under  his  direction.  Thus  J.  J.  Thomson  at  the  Cavendish 
Laboratory  at  Cambridge  not  only  worked  himself  on  the 
conduction  of  electricity  through  gases  but  interested  his 
students  and  assistants  in  the  subject,  so  that  the  work  that 
ed  to  the  discovery  of  the  electron  was  carried  out  by  a  fairly 
large  group  of  men  under  Thomson’s  leadership.  W.  Ram¬ 
say  in  his  work  on  the  rare  gases  of  the  atmosphere  was 
helped  by  the  members  of  the  staff  of  the  chemical  depart¬ 
ment  and  by  a  number  of  students  who  not  only  made 
otable  advances  in  science  but  got  an  excellent  training  in 

atory  of' this0,  “fiyesearch-  Whe«  a  specialised  labo- 
*  yP6  develops’  14  attracts  students  who  are 
nteiested  m  working  on  that  particular  subject  because  at 
that  laboratory  there  is  available  the  special  knowledge  and 
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Research  in  pure  physics  in  the  nineteenth  century  re¬ 
quired  a  very  minimum  of  equipment,  and  substantial  in¬ 
creases  in  knowledge  were  made  by  workers  in  small  labora¬ 
tories  who  spent  only  a  very  small  sum  on  apparatus  and 
constructed  much  of  that  apparatus  with  their  own  hands  or 
with  the  assistance  of  a  laboratory  mechanic.  Today  the 
apparatus  required  for  physical  research  is  of  the  most 
complex  type  and  requires  a  great  expenditure  of  money  and 
very  well-equipped  machine  shops.  The  nuclear  physicist, 
for  example,  has  progressed  from  the  simple  apparatus  used 
by  Thomson,  Aston,  and  Rutherford  to  the  cyclotrons  in¬ 
vented  by  E.  0.  Lawrence,  of  which  the  largest  has  cost 
well  over  $1,000,000.  The  cryogenic  laboratories,  which  make 
large  quantities  of  liquid  hydrogen  and  helium  for  research 
at  low  temperatures,  are  necessary  for  much  physical  re¬ 
search,  and  the  physical  phenomena  exhibited  by  the  stars 
are  studied  with  the  aid  of  telescopic  equipment  involving 
capital  expenditures  of  millions  of  dollars. 

Again,  the  identification  of  coincidences  in  the  frequency 
differences  between  spectral  lines,  which  enables  the  lines  to 
be  assigned  to  different  systems  in  an  element,  is  an  ex¬ 
tremely  laborious  operation  when  performed  by  hand,  and 
progress  in  this  field  of  physics  was  very  slow  until  instru¬ 
ments  were  designed  by  which  these  frequency  differences 
could  be  analyzed  automatically.  As  a  result,  the  very  com¬ 
plicated  spectra  of  a  number  of  the  elements  have  been 
analyzed  within  a  few  years. 

In  chemistry,  the  simple  laboratories  used  for  analytical 
work  and  for  the  early  research  in  organic  chemistry  are  no 
longer  sufficient  for  progress  in  many  fields.  Work  on  gas 
reactions  requires  very  complex  equipment.  Much  chemical 
work  is  done  at  high  pressures  and  much  at  very  high  tem¬ 
peratures,  and  more  and  more  these  methods  of  producing 
and  studying  chemical  reactions  are  of  importance.  Silicate 
chemistry  has  involved  a  complex  technology  of  furnace 
work. 

In  certain  fields  of  work,  a  whole  laboratory  may  be  con- 
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sidered  a  tool.  In  the  advancement  of  physiology,  for  in¬ 
stance,  a  requisite  is  a  synthetic  organic  laboratory  that  can 
prepare  the  many  compounds  required.  And  now  it  seems 
likely  that  physiological  research  will  require  a  supply  of 
chemicals  made  with  isotopes  of  the  elements  or  with  radio¬ 
active  isotopes  prepared  synthetically  in  the  laboratories  of 
nuclear  physics. 

The  advance  of  science  is  dependent  to  a  very  great  ex¬ 
tent  upon  these  research  institutes  established  in  universi¬ 
ties  under  some  renowned  leader.  Only  a  few  examples  can 
be  given  from  the  many  that  might  be  chosen.  Following 
Thomson  at  the  Cavendish  Laboratory,  Rutherford  organ¬ 
ized  a  school  there  from  which  came  much  of  our  knowledge 
of  the  structure  of  the  radioactive  atom  and,  consequently, 
of  chemical  atoms  in  general.  Kamerlingh  Onnes  established 
at  Leiden  a  laboratory  for  research  at  very  low  temperatures, 
where  he  investigated  the  superconductivity  of  metals  and 
the  extraordinary  properties  of  liquid  helium.  Peter  Kapitza 
was  so  original  in  his  ideas  for  the  study  of  the  physics  of 
very  high  magnetic  fields  that  the  Royal  Society  fathered 
for  him  a  special  laboratory  at  Cambridge,  and  Kapitza 
later  carried  out  similar  work  in  the  USSR.  In  different 
fields  of  scientific  work,  Harlow  Shapley  at  Harvard  is  con¬ 
centrating  the  work  of  a  group  upon  the  properties  of  the 
metagalaxy,  and  T.  H.  Morgan  in  his  laboratory  at  the 
California  Institute  of  Technology  studied  the  problems 
of  genetics,  especially  as  exemplified  in  the  Drosophila 
fly.  At  Uppsala,  The  Svedberg,  after  doing  much  valuable 
work  on  general  colloid  and  physical  chemistry,  has  devel¬ 
oped  the  ultracentrifuge  and  is  working  on  its  many  appli¬ 
cations. 

In  chemistry  there  are  many  examples.  The  meticulous 
work  of  T.  W.  Richards  at  Harvard  was  the  foundation  for 
a  school  which  was  responsible  for  much  of  the  advance  in 
atomic-weight  determinations.  Mention  should  be  made  of 
Emil  Fischer’s  school  of  protein  chemistry.  The  elucidation 
and  synthesis  of  organic  compounds  occurring  in  nature. 
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such  as  indigo  and  the  coloring  matter  of  flowers,  were 
undertaken  by  A.  von  Baeyer  in  Munich  and  continued  and 
intensified  by  R.  Wilstatter,  who  occupied  his  chair  after 
him.  A.  Hantzsch  in  Leipzig  applied  physical  methods  to 
organic  chemical  research.  The  activities  in  the  chemical 
laboratory  at  Bonn  under  P.  Pfeiffer’s  leadership  centered 
in  the  chemistry  of  coordination  complexes.  At  Oxford, 
W.  H.  Perkin,  Jr.,  elucidated  the  chemical  structure  of  a 
great  number  of  natural  products.  He  attacked  in  turn  the 
derivatives  of  camphor,  the  terpenes,  the  alkaloids  berber- 
ine,  hormine,  and  cryptopine,  and  the  natural  coloring  mat¬ 
ters  brazilin  and  haematoxylin.  His  work  has  been  most  suc¬ 
cessfully  continued  by  Robert  Robinson. 

As  the  apparatus  used  in  scientific  research  has  become 
more  complicated,  there  has  evolved  a  system  in  which  the 
research  is  carried  out  by  teams  of  investigators  rather  than 
by  individuals.  The  study  of  mesons,  for  instance,  in  a  labo¬ 
ratory  devoted  to  nuclear  physics  might  require  an  expert 
on  cloud-chamber  techniques,  a  specialist  in  the  use  of  pho¬ 
tographic  emulsions,  an  electronics  expert,  and  a  theoretical 
physicist,  in  addition  to  the  large  group  of  workers  required 
to  operate  the  cyclotron  or  other  particle  accelerator.  Thus, 
even  in  academic  research,  the  cooperation  of  individuals  in 
groups  or  teams  is  today  of  the  greatest  value  for  the  ad¬ 
vancement  of  knowledge.  Nevertheless,  the  tendency  toward 
reliance  on  organization  in  scientific  wrork  is  not  without  its 
dangers.  Even  in  the  example  above,  selected  as  a  field  of 
work  in  which  group  organization  is  especially  valuable, 
much  of  the  basic  work  on  mesons  was  done  by  C.  F.  Powell 
and  his  collaborators  at  Bristol,  using  simple  photographic 
emulsions  as  detectors  and  dispensing  with  electrical  appa¬ 
ratus  altogether,  the  high-velocity  particles  being  supplied 
by  the  cosmic  rays. 

In  the  cases  mentioned  above,  the  interest  and  capacity  of 
a  university  teacher  have  supplied  the  incentive  for  the 
organization  of  a  research  institute  as  part  of  the  university 
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structure.  Unfortunately,  such  institutes  often  languish  and 
die  when  the  teacher  himself  dies;  only  rarely  can  the  uni¬ 
versity  find  a  successor  who  will  justify  the  continuance  of 
the  specialized  work.  Greater  stability  is  attained  when  such 
institutes  have  been  founded  deliberately  by  philanthropic 
foundations  who  desired  to  expend  money  on  the  advance¬ 
ment  of  scientific  knowledge. 

The  Carnegie  Institution  of  Washington  has  established  a 
number  of  research  institutes  whose  work  has  been  conspicu¬ 
ously  successful.  Mount  Wilson  Observatory,  the  leading 
astronomical  institution  of  the  world,  was  founded  by  the 
Carnegie  Institution  for  Solar  Research  under  the  director¬ 
ship  and  inspiration  of  G.  E.  Hale.  In  the  Geophysical  Labo¬ 
ratory,  physicists,  geologists,  crystallographers,  mineralo¬ 
gists,  and  chemists  work  on  the  structure  of  rocks  and  their 
manner  of  formation.  Although  the  field  of  the  actual  inves¬ 
tigations  ranges  from  high-temperature  photometry  to  the 
study  of  complex  solubility  diagrams  and  their  interpreta¬ 
tion  on  thermodynamical  principles,  the  results  of  all  the 
work  carried  out  are  converged  on  the  problem  of  the  struc¬ 
ture  and  formation  of  the  earth’s  crust.  The  Department  of 
Terrestrial  Magnetism  and  the  Department  of  Experimen¬ 
tal  Evolution  are  doing  equally  distinguished  work  in  their 
own  fields. 


While  it  is  true  that  the  loss  of  a  great  leader  is  a  con¬ 
siderable  shock  to  a  research  institute  and  may  even  produce 
some  reorientation  in  the  work,  such  institutes  have  shown 
that  they  can  survive  the  loss  of  their  founders  and  continue 
their  work  under  new  leadership.  In  the  early  days  of  indus¬ 
trial  research,  the  comparatively  small  industrial  labora¬ 
tories  found  it  very  difficult  to  replace  the  directors  who  had 
guided  them  from  the  beginning;  but  with  growth  has  come 
stability,  and  changes  in  the  directorate  of  the  great  modern 
laboratories  are  far  less  unsettling  than  they  used  to  be.  It 
seems  likely  that  the  production  of  basic  scientific  knowledge 
will  more  and  more  be  carried  out  in  research  institutes  each 
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of  which  deals  with  a  limited  field  of  science  and  is  recog¬ 
nized  as  a  center  for  the  advancement  of  knowledge  in  that 
field. 

Research  institutes  will  not  relieve  the  universities  of  their 
responsibilities  for  teaching  and  for  conducting  scientific  re¬ 
search;  indeed,  the  activity  of  the  universities  in  the  prose¬ 
cution  of  research  may  be  expected  to  increase.  Whereas  the 
fundamental  business  of  a  university  is  to  teach,  the  argu¬ 
ment  for  research  has  been  that  teaching  is  impossible  unless 
the  knowledge  is  available  and  that  those  engaged  in  the 
production  of  knowledge  are  the  best  teachers  of  it.  This  is 
undoubtedly  true  within  limits,  and  it  is  probable  that  a 
research  institute  is  the  best  training  place  for  a  research 
student.  Certainly  the  graduates  from  the  Cavendish  Labo¬ 
ratory  would  justify  the  policy  of  its  directors,  and  a  student 
who  had  worked  under  Ramsay  would  be  the  first  to  insist 
that  the  eager  pursuit  of  knowledge  in  that  ill-equipped 
laboratory  at  University  College,  London,  was  a  most  stim¬ 
ulating  atmosphere  in  which  to  acquire  the  methods  and 
habit  of  research.  But  for  the  student  who  wants  a  general 
knowledge  of  the  subject  and  does  not  propose  to  devote 
himself  to  research,  a  too  specialized  university  laboratory 
has  its  disadvantages. 

F.  B.  Jewett  discusses  the  organization  of  research  work 
both  in  the  universities  and  in  the  laboratories  of  the  indus¬ 
tries.3  He  says: 

In  both  fields  research  involves  the  same  kind  of  men  equipped 
with  the  same  philosophy,  the  same  training,  the  same  kind  of 
tools  and  the  same  stockpile  of  basic  knowledge.  In  both  the  ulti¬ 
mate  results  are  the  fruits  of  the  minds  of  individual  men.  What¬ 
ever  there  is  by  way  of  organization  in  either  sector,  therefore, 
can  only  be  effective  in  so  far  as  it  assists  men,  in  whatever  way 
they  need,  to  make  maximum  use  of  their  creative  faculties. 

From  the  very  nature  of  things  the  amount  and  kind  of  helpful 
organization  is  different  in  fundamental  and  industrial  research 

3  Jewett,  F.  B.,  letter  in  response  to  an  inquiry  by  Karl  T.  Compton, 
October,  1946. 
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although  some  of  it,  such  as  effective  organization  for  the  presen¬ 
tation,  discussion,  prompt  publication  and  dissemination  of  new 

knowledge,  is  a  necessity  of  both. 

In  fundamental  science  the  needs  for  organization  seem  to  me 
relatively  simple  and  easy  of  attainment  if  men  are  minded  to 
have  them.  Here  far  more  than  in  industrial  research  men  work 
as  individuals  or  in  very  small  groups.  The  results  they  obtain  are 
concrete  additions  to  knowledge  and  are  not  rigorously  tied  to 
any  particular  objective  except  that  of  extending  knowledge. 
Time  for  completing  an  experiment  or  obtaining  a  result  is  not 
usually  a  major  factor.  In  the  main,  costs  are  not  high,  parapher¬ 
nalia  is  simple,  and  the  relation  of  what  one  man  does  is  not 
usually  influenced  and  controlled  by  what  some  one  else  is  doing 
elsewhere. 

If  the  fundamental  research  man  is  working  in  a  group  such  as 
a  university  faculty,  his  immediate  organization  needs  are  con¬ 
cerned  with  the  setup  which  will  provide  him  with  free  time,  ade¬ 
quate  facilities,  and  the  modest  monetary  requirements  to  enable 
him  and  his  family  to  live  as  they  are  entitled  to  live  and  with  the 
tools,  assistance,  and  materials  he  needs  to  conduct  his  work. 
Beyond  this  money  alone  will  not  aid  him  and  if  forced  on  him 
may  even  hamper  or  deteriorate  his  work.  Money  and  more  par¬ 
ticularly,  the  providers  of  money,  are  hard  taskmasters  who  more 
frequently  than  not  measure  success  in  terms  of  gadgets  or  short¬ 
ening  of  time. 

Outside  his  inner  orbit  the  fundamental  research  man  is  helped 
by  such  organization  as  will  provide  him  means  for  meeting  with 
his  kind ;  for  discussing  problems  of  common  interest ;  for  prompt 
publication  of  his  results;  and  for  anything  which  will  enlarge 
and  make  readily  available  to  him  every  bit  of  knowledge  which 
may  be  an  aid  to  his  work  or  a  stimulus  to  his  imagination. 

In  some  sectors,  e.g.,  astronomy,  oceanography,  geophysics,  etc., 
the  individual  or  small  group  may  be  greatly  aided  by  organiza¬ 
tion  together  of  all  workers  in  the  field  to  the  end  that  a  vast  area 
of  enquiry  may  be  attacked  effectively  or  expeditiously  with  a 

minimum  of  chance  that  effort  is  not  wasted  on  mere  duplication 
of  identical  work. 

It  is  for  these  and  similar  reasons  that  research  men  organized 
in  specialized  professional  societies  and  international  unions  and 
congresses.  It  is  also  why  groups  from  different  disciplines  asso- 
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ciate  themselves  together  for  attack  on  large  problems  which  have 
angles  concerned  with  many  branches  of  science. 

Within  limits  anything  which  can  be  done  to  further  these  types 
of  organization  is  to  the  good.  The  ever  present  danger  is  that  in 
their  enthusiasm  men  are  led  to  look  upon  the  machinery  as  a 
desirable  end  in  itself  rather  than  as  a  tool  and  dissipate  their 
time  and  energy  in  maintaining  and  expanding  it. 

A  number  of  agencies  have  been  developed  for  the  appli¬ 
cation  of  scientific  research  to  technology.  Laboratories  are 
maintained  by  governments,  cooperative  research  associa¬ 
tions  are  supported  by  industries,  private  consulting  con¬ 
cerns  provide  services,  technological  research  institutes  have 
been  organized,  but  in  the  United  States  by  far  the  most 
important  agencies  are  the  industrial  research  laboratories 
operated  as  sections  of  commercial  firms.  The  application  of 
science  to  industry  developed  first  in  the  industries  which 
themselves  owed  their  existence  to  the  growth  of  science, 
especially  the  chemical  and  electrical  industries.  The  value 
of  research  in  producing  new  materials  and  methods  of  man¬ 
ufacture  slowly  made  clear  that  in  every  industry  in  which 
technical  processes  were  involved — and  in  what  industries 
are  they  not  involved? — organized  scientific  research  was 
necessary  if  the  industry  was  to  survive  and  flourish.  Busi¬ 
nessmen  have  been  convinced  of  the  necessity  for  research 
largely  by  fear  of  competition.  A  man  might  believe  that 
new  scientific  discoveries  were  of  no  value  to  him,  but  he 
could  not  entirely  forget  that  his  active  competitor  might 
take  advantage  of  these  discoveries — might,  indeed,  even  be 
secretly  making  discoveries  and  might  come  out  some  day 
with  a  new  line  of  products  that  would  take  his  business 
away  from  him. 

The  primary  function  of  the  research  department  in  an 
industry  is  to  provide  the  scientific  knowledge  to  meet  diffi¬ 
culties,  improve  processes  and  products,  and  discover  and 
develop  new7  products;  but  in  modern  industry  the  research 
department  has  assumed  broader  functions.  George  East¬ 
man  once  said  that  his  research  laboratory  with  that  of  other 
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manufacturers  was  “responsible  for  the  future  of  photogra¬ 
phy/’  On  the  other  hand,  C.  C.  Paterson  of  the  General  Elec¬ 
tric  Company,  Ltd.,  has  said:  “Industrial  research  exists  in 
order  that  industry  may  have  within  itself  those  scientific 
resources  in  workers  and  equipment  which  will  help  the  in¬ 
dustry  to  cultivate  the  scientific  outlook  throughout  all  its 
personnel  and  activities.”  These  two  statements  together 
may  be  taken  as  representing  the  ideals  toward  which  every 
industrial  research  laboratory  should  strive. 

In  the  early  days  of  industrial  research,  these  laboratories 
were  organized  into  departments  on  the  model  of  the  fac¬ 
tory  organization.  It  wras  assumed  that  in  each  department 
the  scientific  work  would  be  directed  by  the  department 
head.  The  departments  themselves  were  analogous  to  the 
departments  of  a  university;  i.e.,  each  department  was  sup¬ 
posed  to  cover  a  field  of  science — organic  chemistry,  physical 
chemistry,  metallurgy,  optics,  electricity,  and  so  on.  As  the 
organization  of  industrial  research  has  developed,  however, 
the  academic  department  system  has  been  largely  displaced 
by  an  organization  based  on  function.  The  departments  in¬ 
clude  men  trained  in  different  branches  of  science  but  apply¬ 
ing  their  knowledge  so  that  their  work  converges  upon  one 
field  of  work  Thus  a  department  for  research  on  the  chem¬ 
istry  of  high  polymers  would  have  organic  chemists  to  pre¬ 
pare  monomers,  structural  chemists  to  investigate  the  way 
in  which  the  monomers  combine,  physical  chemists  to  study 
the  processes  of  polymerization,  physicists  to  measure  the 
properties  of  the  polymers,  and  even  engineers  to  study  their 
application.  Moreover,  if  properly  directed,  such  an  organi¬ 
zation  would  not  greatly  restrict  the  freedom  and  initiative 
of  the  scientists  of  whom  it  was  formed.  Within  a  wide  rano-e 
each  scientist  would  select  his  own  research  and  eventually 
publish  his  conclusions.  One  physicist,  for  instance,  might  be 
interested  in  the  elastic  properties  of  the  materials;  another 
in  their  electrical  properties;  and  yet  another,  in  optical 
properties.  This  functional  organization  carries  down  into 
the  internal  organization  of  a  laboratory  the  advantages 
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that  the  research  institute  has  shown  on  a  national  scale. 
(For  a  full  discussion  of  the  internal  organization  of  indus¬ 
trial  research  laboratories,  see  Chap.  IX.) 

As  Jewett  says,  the  problems  of  organization  in  industrial 
research  are  quite  different  from  those  of  academic  research : 4 

Here  while  research  men  still  act  and  produce  as  individuals, 
they  are  usually  associated  together  in  a  group  of  considerable 
size,  organized  for  group  rather  than  individual  operation.  The 
group  is  a  definite  part  of  a  larger  aggregation  which  has  a  very 
definite  utilitarian  objective  which  cannot  be  lost  sight  of  for  long 
or  in  large  measure.  It  is  attainment  of  this  objective  which  in 
large  measure  determines  the  kind  of  research  men  who  are 
sought;  the  type  of  problems  they  attack;  the  methods  they  em¬ 
ploy;  the  facilities  they  use;  and  the  time  they  can  allot  to  com¬ 
pletion  of  their  work. 

In  no  two  cases  do  these  and  similar  factors  appear  in  exactly 
the  same  proportions — hence  no  two  industrial  research  labora¬ 
tories  are  organized  exactly  alike. 

In  a  word,  team  rather  than  individual  operation  is  a  basic 
factor  when  attacking  the  problem  of  organization  of  the  research 
function  in  industry.  While  here  as  in  fundamental  science  the 
intense  individualist  and  the  temperamental  are  found  and  have 
a  place,  they  must  always  be  in  the  minority.  It  is  inconceivable 
that  an  industrial  laboratory  made  up  entirely  of  prima  donnas 
could  exist  for  long  although  the  fundamental  research  depart¬ 
ment  of  a  great  university  might,  and  to  its  everlasting  glory. 

Likewise,  while  a  certain  number  of  men  in  any  laboratory  will 
be  concerned  primarily  with  fundamental  research  problems 
which  have  little  or  no  connection  with  the  main  industrial  objec¬ 
tive,  their  number  will  always  be  small.  Their  presence  is  justified 
by  the  stimulus  their  presence  is  to  others  and  to  the  kudos  their 
achievements  give  to  the  organization. 

No  matter  how  much  the  specific  form  of  organization  may 
differ  due  to  differences  of  objective,  the  human  characteristics  of 
the  men  involved,  the  size  of  the  group  and  a  multitude  of  other 
factors,  there  are  some  things  which  qualitatively  at  least  are  the 
same  in  all  industrial  research  laboratories.  They  determine 
roughly  the  form  of  the  organization. 

4  Loc.  cit. 
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Among  these  are:  (1)  the  objective  is  in  all  cases  specific  and 
more  or  less  concrete;  (2)  it  must  fit  harmoniously  into  the  other 
elements  of  the  over-all  organization;  (3)  time  is  an  essential 
element;  (4)  within  limits  cost  of  accomplishing  an  end  is  not  a 
controlling  factor  if  it  will  shorten  time  or  better  the  end  result. 

Broadly  speaking  every  industrial  research  organization  is  de¬ 
signed  to  approach  every  new  problem,  large  or  small,  which  it 
undertakes  from  the  same  point  of  view,  viz.,  first  to  analyze  the 
problem  thoroughly  in  order  to  ascertain  those  elements  that 
require  a  research  attack;  second  to  assign  each  such  element  to 
the  group  (and  in  parts  finally  to  the  individual)  most  competent 
to  handle  it;  and  finally  to  conduct  all  the  work  simultaneously 
on  a  broad  front  under  some  form  of  organization  which  will 
ensure  reasonable  uniformity  of  progress  without  application  of 
direction  based  solely  on  the  authority  of  rank  or  position.  If  that 
could  be  done  effectively,  there  would  be  little  need  of  many 
highly  trained  scientists  since  all  problems  could  be  handled 
mainly  by  a  corps  of  skilled  technicians  working  under  the  orders 
of  a  very  few  master  minds. 

In  general  the  appearance  of  any  organization  chart  is  that  of 
a  family  tree,  the  branches  of  which,  large  and  small,  are  distin¬ 
guished  by  a  division  of  specialized  scientific  skills. 

In  general  also,  since  something  definite  and  utilitarian  is  the 
final  objective,  and  since  time  is  of  the  essence,  all  organizations 
of  industrial  research  provide  a  wealth  of  facilities  and  assistants 
to  the  highly  trained  creative  scientist.  It  is  evidence  of  realiza¬ 
tion  that  his  value  lies  in  the  product  of  his  brain  cells  which  must 
be  conserved,  and  not  in  the  skill  of  his  hands.  It  is  a  result  that 
has  its  dangers,  however— dangers  that  must  be  continually 
guarded  against.  Principal  among  these  is  the  insidious  growth  of 
a  feeling  that  nothing  worthwhile  can  be  undertaken  or  accom¬ 
plished  without  a  vast  array  of  elaborate  equipment  and  a  pha¬ 
lanx  of  assistants. 

If  scientific  research,  fundamental  or  applied,  is  to  be 
undertaken  in  national  laboratories  supported  by  the  Fed¬ 
eral  government,  those  laboratories  should  be  functional 
ln  each  laboratory  concentrating  on  some  field  of 

applied  science  and  using  workers  of  varied  training  to 
achieve  results  in  that  field  by  their  cooperative  work.  This 
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system  was  essentially  that  used  in  the  United  States  by  the 
Office  of  Scientific  Research  and  Development  during  the 
Second  World  War,  and  it  is  the  system  that  should  govern 
the  great  expansion  of  fundamental  and  applied  research 
now  in  progress. 

At  this  point  it  may  be  well  to  summarize  the  various 
agencies  available  for  the  production  of  scientific  knowledge. 
The  basic  institution  on  which  everything  else  depends  is 
the  scientific  department  of  the  university,  and  this  differs 
from  all  other  institutions  in  that  it  has  and  should  have  no 
direction  from  outside  and  complete  freedom  in  its  choice  of 
subject.  It  is  from  the  universities  that  most  of  the  new  ideas 
by  which  science  is  advanced  are  likely  to  come,  since  in  all 
other  institutions  there  is  some  restriction  and  will  probably 
always  be  some  restriction  in  the  fields  selected  for  work. 
The  application  of  science  to  technology  is  undertaken  pri¬ 
marily  in  the  research  laboratories  of  industry,  in  the  en¬ 
dowed  technological  institutes,  and  in  the  laboratories  oper¬ 
ated  through  government  departments,  which  are  increasing 
very  rapidly  in  size  and  complexity.  The  more  complicated 
fields  of  science  require  for  their  exploitation  research  insti¬ 
tutes,  each  of  which  deals  with  a  limited  field  of  science  and 
is  recognized  as  a  center  for  the  advancement  of  knowledge 
in  that  field. 
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A  commercial  undertaking,  a  business,  conducts  its 
operations  through  departments.  The  larger  the 
business  and  the  wider  its  activities,  the  more 
specialized  will  the  departments  be.  A  simple  retail  store,  if 
of  very  small  size,  needs  no  departmentalization;  the  owner 
can  buy  the  goods,  place  them  in  stock,  display  them  to  the 
public,  sell  them,  and  keep  his  accounts.  But  as  soon  as  the 
store  increases  in  size,  a  delivery  system  is  needed,  then  a 
stock  system,  a  clerk  to  keep  the  accounts,  and,  in  a  large 
store, .  a  purchasing  agent.  These  specializations  are  staff 
functions,  but  in  addition  the  store  may  develop  a  line  or¬ 
ganization,  each  section  of  which  deals  with  a  special  class 
of  goods  under  an  official  usually  known  as  a  “buyer, ”  be¬ 
cause  of  the  importance  of  the  purchasing  function. 

In  contrast  to  a  merchandising  business,  even  the  smallest 
manufacturing  concern  requires  d  specialized  production 
department  and  a  sales  department.  The  owner  or  principal 
officer  usually  operates  one  of  these  departments  himself 
delegating  the  other  to  an  associate. 

.  Te  Problem  that  arises  immediately  in  any  manufactur- 
mg  business— if,  indeed,  it  did  not  control  the  initiation  of 
the  business— is  the  choice  of  product,  A  manufacturer  can 
produce  a  staple  article,  but  there  is  always  the  possibility 
hat  changes  either  in  the  market  or  in  competitive  goods 
ill  require  alterations  m  the  product.  The  whole  field  of 
othing  manufacture,  for  instance,  is  dominated  by  the  in- 

po^bmtvT3  t0  me6t  the  requirements  of  fashion.  The 
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gineering,  or  research  carried  out  by  an  individual  or  depart¬ 
ment  that  provides  knowledge  as  to  what  is  being  done  by 
others  and  can  be  done  by  the  business.  So  great  and  so  rapid 
have  become  the  changes  in  a  modern  business  that  its  suc¬ 
cess  depends  to  a  considerable  extent  upon  the  skill  and 
imagination  with  which  this  function  is  performed. 

The  design  of  products  and  the  methods  of  production  con¬ 
stitute  the  technology  of  the  business.  As  already  pointed 
out,  the  development  of  technology  usually  proceeds  by  trial 
and  error;  even  when  the  technique  is  most  advanced  and 
complicated,  experience  and  acquired  skill  are  the  general 
guides  to  useful  improvements.  But  efforts  to  produce  im¬ 
provements  are  most  likely  to  succeed  when  they  are  guided 
by  an  understanding  of  the  science  of  the  technical  processes 
themselves.  In  technical  businesses,  therefore,  experimental 
departments  have  been  introduced,  and  in  many  cases  these 
departments  include,  or  consist  of,  laboratories  equipped  for 
the  study  of  the  sciences  underlying  the  processes  used  and 
often  covering  a  wide  field  of  scientific  research. 

Contact  with  fundamental  science  by  an  industrial  con¬ 
cern  need  not  be  effected  through  a  laboratory  operated  by 
the  business  itself.  The  responsible  officials  can  obtain  such 
contact  by  the  use  of  consultants,  either  from  commercial 
firms  or  from  universities;  or  they  can  participate  in  a  co¬ 
operative  laboratory  supported  by  the  industry  as  a  whole ; 
or  they  can  maintain  a  sectional  laboratory  to  carry  out  work 
on  their  behalf  in  a  technological  research  institute. 

All  the  methods  mentioned  above  are  in  use.  Consultants 
are  widely  employed,  many  universities  carry  on  work  in 
cooperation  with  industries,  a  number  of  large  technological 
research  institutes  are  now  in  operation,  and  cooperative 
laboratories  have  been  established  in  the  United  Slates  and 
especially  in  Great  Britain,  where  the  Research  Associations 
of  the  Department  of  Scientific  and  Industrial  Research 
represent  a  major  effort  in  the  promotion  of  the  application 
of  science  to  industry.  Nevertheless,  the  fundamental  pur¬ 
pose  of  scientific  research  in  industry  is  to  provide  informa- 
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tion  directly  applicable  to  the  use  of  a  particular  industry, 
and  to  attain  this  end  the  closest  possible  association  is 
required  between  the  research  group  and  the  direction  and 
operation  of  the  industry. 

C.  G.  Renold  1  has  discussed  the  internal  organization  re¬ 
quired  for  the  application  of  research  in  industry.  He  recom¬ 
mends  that  the  responsibility  should  lie  with  a  “develop¬ 
ment  officer.”  In  the  case  of  a  relatively  large  concern  this 
development  officer  wijl  be  the  head  of  a  development  de¬ 
partment,  but  in  a  smaller  concern  “one  man,  wTith  the 
necessary  clerical  assistance,  may  suffice.”  It  is  not  clear 
whether  the  development  officer  envisaged  by  Renold  is  to 
be  primarily  either  a  scientist  or  an  investigator.  If  he  is  not 
a  scientist,  he  will  inevitably  fail  to  recognize  possibilities 
which  might  have  been  recognized  by  a  trained  expert.  If  he 
is  a  scientist,  he  will  certainly  need  a  place  where  new 
methods  and  new  products  can  be  dealt  with  experimentally, 
i.e.,  a  laboratory.  Renold’s  development  officer  is,  therefore, 
another  designation  for  the  head  of  the  design,  engineering, 
or  research  department  of  the  industry,  and  in  practice  he 
will  require  an  operating  department,  large  or  small,  of 
which  he  will  be  the  active  head. 

The  use  of  external  consultants,  membership  in  a  research 
association,  or  the  maintenance  of  a  research  fellowship  in 
an  endowed  institution— none  of  these  can  entirely  take  the 
place  of  the  research  department  or  its  equivalent  function 
as  an  integral  part  of  the  business.  Large  or  small,  every 
business  involving  technical  work  requires  in  its  manage¬ 
ment  the  effective  liaison  with  science  and  technology  which 
is  a  major  part  of  a  research  department’s  responsibility. 
Even  the  smallest  such  business  can  and  should  employ  in 
some  capacity  a  technical  graduate  reasonably  familiar  with 

the  technical  and  scientific  world  and  able  to  act  as  liaison 
with  it. 


In  recent  discussions  of  the  organization  of  industrial  re- 

1  Report  of  Conference  on  Research  and  the  Smaller  Firm,  p.  68  Man¬ 
chester  Chamber  of  Commerce,  Manchester,  England,  1946. 
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search,  much  attention  has  been  devoted  to  the  need  for 
research  in  small  businesses.  Though  a  large  laboratory  fully 
equipped  for  fundamental  research  represents  the  most  effec¬ 
tive  means  of  prosecuting  industrial  research,  such  a  labora¬ 
tory  can  be  maintained  only  by  large  manufacturing  com¬ 
panies,  as  the  cost  of  maintenance  is  very  heavy,  and  only  a 
large  company  can  afford  such  an  expenditure.  On  the  other 
hand,  national  industry  is  not  carried  on  principally  by 
large  manufacturing  companies,  either  in  the  United  States 
or  in  Great  Britain.  In  Britain,  98  per  cent  of  the  factories 
are  said  to  employ  less  than  1,000  workers,  and  80  per  cent 
less  than  100.  Probably  the  situation  is  the  same  in  the 
United  States.  The  chief  problem,  therefore,  in  the  applica¬ 
tion  of  science  to  national  industry  is  presented  by  the 
smaller  businesses  that  cannot  afford  to  maintain  really 
large  laboratories.  Membership  in  research  associations  or 
the  maintenance  of  fellowships  in  a  technological  research 
institute  offers  what  are  believed  by  some  to  be  adequate 
solutions  to  this  problem.  As  has  already  been  said,  however, 
neither  of  these  solutions  will  take  the  place  of  research  work 
done  in  the  industry  itself.  It  must  be  remembered  that  the 
technological  status  of  industry  has  little  permanency.  It  is 
often  assumed  that  those  firms  which  have  developed  large 
amounts  of  technical  skill  will  continue  to  dominate  their 
industries  and  that  other  industries  will  remain  without  any 
corresponding  scientific  guidance.  This  is  not  true,  however, 
as  the  Nuffield  College  report  points  out,2  Industrial  progress 
depends  not  only  on  the  existence  of  large  firms  carrying  on 
research  over  a  wide  field  but  equally  on  the  continual  emer¬ 
gence  of  new  firms  animated  by  a  scientific  spirit  in  their  ap¬ 
proach  to  industrial  problems. 

Before  1920  the  petroleum  industry  of  the  United  States, 
one  of  the  most  wealthy  and  powerful  industries,  did  very 
little  scientific  research.  Since  then  it  has  not  merely  estab¬ 
lished  scientific  divisions  and  research  laboratories,  but  it 

2  “Problems  of  Scientific  and  Industrial  Research,”  Oxford  University 
Press,  April,  1944. 
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has  come  to  the  very  forefront  of  industrial  scientific  re¬ 
search  and  has  developed  entirely  new  branches  of  industrial 
chemistry.  This  is  no  rare  phenomenon.  Again  and  again,  a 
change  in  management  or  the  emergence  in  management  of 
one  person  has  revolutionized  a  manufacturing  company  and 
eventually  an  industry.  Thus,  instead  of  a  picture  of  a  static 
industrial  world  in  which  there  are  giants  and  pygmies,  the 
facts  show  a  world  in  which  the  giants  must  work  unceasingly 
to  remain  strong  and  the  pygmies  are  continually  growing 
and  asserting  their  right  to  a  place  in  the  sun. 

It  is  asserted  far  too  often  that  “small  businesses  cannot 
afford  to  support  scientific  research.”  Few  businesses  can 
afford  to  support  research.  They  carry  out  their  research,  as 
they  do  the  rest  of  their  operations,  for  profit,  i.e.,  to  be  sup¬ 
ported  by  it;  and  if  they  are  successful,  they  do  not  remain 
small,  they  grow.  When  Ernst  Abbe  joined  Carl  Zeiss,  he 
entered  a  very  small  business,  which  became  the  leading 
optical  industry  of  the  world.  When  Ludwig  Mond  joined 
John  Brunner,  he  founded  a  business  which  became 
one  of  the  chief  components  of  Imperial  Chemical  In¬ 
dustries. 


The  Zeiss  firm  or  the  alkali  works  of  the  future  are  today 
small  firms  with  an  active  leader  imbued  with  the  spirit  of 
science.  The  problem  for  the  small  business,  in  fact,  is  not 
how  to  get  its  scientific  work  done  by  somebody  else  but  how 
to  find  that  active  leader. 


Industrial  laboratories  are  of  many  different  sizes  and 
types.  In  some  firms  very  small  laboratories,  operated  by 
only  one  or  two  men,  are  nevertheless  doing  important  scien- 
1  c  work.  Very  large  laboratories  are  also  doing  equally  im- 
portent  scientific  work;  and,  on  the  other  hand,  there  are 
laboratories  which  do  practically  no  work  of  general  value 
but  concern  themselves  only  with  the  specific  problems  of 
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1.  The  elimination  of  manufacturing  troubles 

2.  The  improvement  of  manufacturing  methods 

3.  The  development  of  new  or  improved  products  and 
processes 

4.  The  development  of  standard  methods  of  testing  or 
specifications  for  the  purchase  of  raw  materials 

5.  The  investigation  of  new  industrial  propositions  of 
which  the  value  has  not  been  commercially  established 

6.  The  investigation  of  new  methods  of  using  products  or 
of  improved  methods  of  operating  for  the  benefit  of 
the  customers  of  the  firm 

7.  Fundamental  scientific  research  having  an  important 
bearing  on  the  technique  of  the  subject  with  which  the 
industrial  corporation  is  concerned 

These  objectives  can  be  classified  as  direct  and  indirect. 
The  first  are  (1)  fundamental  research  in  a  field  of  science 
of  importance  to  the  industry,  (2)  research  and  development 
on  new  products  and  processes,  and  (3)  the  improvement  of 
existing  products  and  processes.  The  principal  indirect,  or 
collateral,  objectives  are  (1)  to  provide  methods  of  produc¬ 
tion  and  product  control,  (2)  to  provide  service  for  produc¬ 
tion  and  product  control,  (3)  to  provide  men  for  operating 
and  administrative  positions,  and  (4)  to  provide  technical 
information  to  other  company  divisions. 

By  far  the  most  important  are  the  direct  objectives,  which 
for  a  number  of  large  laboratories  represent  between  85  and 
90  per  cent  of  their  total  activities.  On  the  basis  of  the  dis¬ 
tribution  of  research  expenditures,  between  10  and  20  per 
cent  of  the  laboratory  work  is  devoted  to  fundamental  re¬ 
search,  between  40  and  60  per  cent  to  the  development  of 
new  products  and  processes,  and  between  30  and  40  per  cent 
to  development  work  on  existing  products  and  processes. 
These  are  average  figures,  and  there  are  variations  from  them 
in  individual  companies.  In  some  companies  where  a  consid¬ 
erable  amount  of  development  work  is  carried  out  in  the 
manufacturing  departments,  the  research  laboratory  may 
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spend  as  much  as  50  per  cent  of  its  time  on  fundamental  or 
pioneering  applied  research  and  as  little  as  10  per  cent  on 
development  work  connected  with  existing  products  and 
processes.  The  figures  given  above,  however,  are  probably 
representative  of  over-all  company  expenditures. 

The  definition  of  fundamental  research  as  used  here  is  dif¬ 
ferent  from  that  commonly  intended  in  discussions  of  indus¬ 
trial  research.  The  term  research  as  used  in  most  industrial 
laboratories  includes  both  research  and  development.  For 
the  purposes  of  this  discussion,  however,  research  is  defined 
as  experimental  work  carried  out  to  extend  scientific  knowl¬ 
edge  and  to  explore  technological  methods  scientifically. 
The  first  type  of  work  can  be  termed  fundamental  research, 
and  the  second,  applied  research  (Fig.  1,  page  5). 

Industrial  laboratories  may  be  classified  as  belonging  to 
three  general  types: 

1.  Plant  laboratories  exerting  analytical  and  testing  con¬ 
trol  over  materials,  processes,  and  product 

2.  Development  laboratories  working  on  improvements 
in  product  and  processes,  tending  to  lessen  cost  of 
production  and  to  introduce  new  products  on  the 
market 

3.  Laboratories  working  on  fundamental  science  usually 
associated  with  the  industry 

Laboratories  of  the  first  type  are  so  obviously  necessary 
that  practically  all  plants  are  equipped  with  them,  and  fre¬ 
quently  each  department  of  a  factory  maintains  its  own  con¬ 
trol  laboratory. 

Laboratories  of  the  second  class  are  frequently  called  “re¬ 
search  laboratories  and  have  been  largely  instrumental  in 
introducing  scientific  control  into  industry.  In  such  a  devel¬ 
opment  laboratory,  the  work  ranges  from  the  simplest  and 
most  obvious  alterations  to  problems  of  extreme  difficulty 
involving  scientific  knowledge  of  a  high  order.  The  func¬ 
tion  of  the  development  laboratory  is  to  collect  ideas  from 
all  sources  and  apply  them  to  manufacture.  Those  investi- 
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gations  of  the  pure  research  section  which  result  in  new  prod¬ 
ucts  or  methods  usually  pass  through  the  development 
branch  to  the  manufacturing  departments. 

It  is  often  desirable  for  the  laboratory  itself  to  have  facili¬ 
ties  for  carrying  new  developments  to  the  stage  of  produc¬ 
tion,  and,  indeed,  in  many  laboratories  it  is  considered 
necessary  not  only  to  manufacture  on  a  small  experimental 
scale  but  even  to  place  certain  new  products  on  the  market, 
transferring  production  to  the  works  only  when  the  demand 
is  such  that  a  full-scale  manufacturing  organization  is  re¬ 
quired  to  meet  it.  This  is  particularly  useful  in  the  case  of 
products  that  are  new  to  the  industry  and  that  require  novel 
and  difficult  manufacturing  methods  and,  at  the  same  time, 
the  development  of  a  new  market. 

If  the  whole  future  of  an  industry  is  dependent  on  the 
work  of  the  research  laboratory,  then  not  merely  an  improve¬ 
ment  in  processes  or  a  cheapening  in  the  cost  of  manufacture 
will  suffice  but  fundamental  work  is  required  in  the  whole 
field  in  which  the  manufacturing  firm  is  interested.  For  this 
purpose  something  very  different  from  the  usual  plant  labo¬ 
ratory  is  needed,  and  to  maintain  progress  the  work  of  the 
research  laboratory  must  be  directed  primarily  toward  the 
fundamental  theory  of  the  subject.  This  is  a  point  that  has 
sometimes  been  overlooked  in  discussions  of  industrial  scien¬ 
tific  research,  much  stress  being  generally  laid  upon  the  im¬ 
mediate  returns  to  be  obtained  from  plant  laboratories  and 
upon  the  advantage  of  scientific  control  of  the  operations. 
But  in  every  case  where  the  effect  of  research  work  in  indus¬ 
try  is  very  marked,  that  work  has  been  directed  not  toward 
the  superficial  processes  of  industry  but  toward  the  funda¬ 
mental  and  underlying  theory  of  the  subject. 

Fundamental  research  involves  a  laboratory  very  different 
from  the  usual  plant  laboratory.  It  requires  a  laboratory  en¬ 
gaged  mainly  in  work  that  for  many  years  is  unremunerative 
and  that,  for  a  considerable  time  after  its  foundation,  pro¬ 
duces  no  results  that  can  be  applied  to  manufacture.  Such  a 
laboratory  has  a  cumulative  value  as  its  work  is  continued. 
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At  the  beginning  a  laboratory  is  of  service  to  the  industry  in 
bringing  a  new  point  of  view  to  bear  on  many  of  the  prob¬ 
lems;  it  is  of  value  especially  in  establishing  standard 
methods  of  testing  and  standard  specifications  for  the  pur¬ 
chase  of  raw  materials,  and  much  of  its  energy  may  profit¬ 
ably  be  devoted  to  the  investigation  of  the  use  of  the  prod¬ 
ucts  of  the  industry.  Many  industrial  laboratories,  indeed, 
are  maintained  as  much  in  the  interests  of  the  customer  as 
for  the  production  departments.  A  research  laboratory  of 
this  type  also  studies  the  merits  of  new  industrial  proposi¬ 
tions  of  which  the  value  has  not  been  commercially  estab¬ 
lished,  but  all  these  early  uses  of  the  laboratory  eventually 
prove  subsidiary  to  its  main  work  on  fundamental  problems. 
When  this  main  line  of  research  begins  to  bear  fruit,  it 
absorbs  the  energies  of  both  the  laboratory  and  the  factory. 
This,  however,  takes  many  years. 

A  useful  classification  of  research  laboratories  in  general 
is  based  on  consideration  of  whether  all  the  problems  inves¬ 
tigated  are  connected  with  one  common  subject  or  are  of 
many  kinds  having  no  connecting  bond  of  interest.  The  first 


type  of  laboratory  might  be  called  unipurpose,  or  convergent, 
and  the  second  multipurpose,  or  divergent. 

In  the  convergent  laboratories,  although  the  actual  inves¬ 
tigations  may  cover  as  wide  a  scientific  field  as  those  under- 
taken  in  a  divergent  laboratory,  all  the  investigations  are 
directed  to  one  subject.  The  specialized  university  labora¬ 
tories  or  research  institutes  discussed  in  the  last  chapter 
(page  29)  are  the  prototypes  of  convergent  laboratories. 

Industrial  research  laboratories  may  be  of  the  divergent 
or  convergent  type.  Many  of  the  early  laboratories  were 
divergent.  They  were  intended  to  deal  with  all  the  scientific 
problems  of  the  organization  and  were  therefore  organized 
on  departmental  lines,  with  departments  dealing  with  vari¬ 
ous  types  of  problems.  As  the  industrial  laboratories  have 
grown  in  size  and  importance,  however,  they  have  tended  to 
become  more  convergent,  concentrating  on  one  pTnctll 
field  of  work  Thus  a  large  industry  may  have  a  numbS 
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research  laboratories,  each  of  which  deals  with  the  scientific 
work  of  a  division  of  the  industry. 

In  the  early  days  of  industrial  research,  a  business  assigned 
to  it  only  a  very  small  part  of  the  executive  budget.  Con¬ 
fidence  in  the  attainment  of  valuable  results  was  small.  If  the 
application  of  science  to  the  business  succeeded,  it  was  re¬ 
garded  as  a  kind  of  windfall.  The  success  of  the  business 
depended,  as  in  the  past,  upon  the  efficiency  of  production 
and  selling. 

Businesses,  at  any  rate  all  except  the  very  largest,  tend  to  be 
dominated  by  one  of  the  great  functional  departments,  such 
as  that  concerned  with  selling,  in  which  case  production  is 
attuned  to  the  needs  of  the  sales  department.  In  others,  the 
more  active  and  aggressive  groups  are  those  engaged  in 
production,  and  these  companies  sell  what  they  produce 
rather  than  produce  what  they  need  to  sell.  But  with  the 
growth  of  industrial  research,  the  development  and  intro¬ 
duction  of  new  products  have  become  of  such  great  im¬ 
portance  that  there  are  companies  in  which  quite  avowedly 
the  research  and  development  departments  represent  the 
primary  driving  force;  the  production  departments  manu¬ 
facture  the  new  products,  and  the  sales  department  sells 
them.  In  many  companies  the  economic  value  of  the  research 
work  is  now  fully  recognized,  and  the  financial  journals  de¬ 
vote  a  considerable  amount  of  space  to  the  development  of 
industrial  science. 

Experience  suggests  that  the  greatest  success  has  attended 
those  industrial  research  laboratories  in  which  the  director 
has  been  permitted  a  high  degree  of  autonomy  and  an  assur¬ 
ance  of  continued  support.  Industrial  research  is  an  adven¬ 
ture;  it  is  even  a  gamble,  though  one  in  which  the  odds  are 
on  success,  provided  that  the  work  is  continued  in  spite  of 
delays  and  discouragements.  Such  an  adventure  demands 
from  its  sponsor  much  courage  and  much  confidence.  But  it 
the  director  and  his  staff  are  well  chosen,  the  confidence  will 
not  be  misplaced  and  the  rewards  will  be  commensurate 
with  the  risks. 
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The  importance  of  scientific  knowledge  to  certain 
large  sections  of  the  community  led  to  the  support  of 
particular  types  of  research  by  governmental  agencies. 
Thus  the  requirements  of  navigation  led  to  the  establish¬ 
ment  of  astronomical  observatories  used  primarily  for  the 

I  determination  of  the  positions  of  the  stars  and  planets,  and 
the  first  of  these  was  Greenwich  Observatory,  founded  in 
1675  and  supported  ever  since  by  the  British  government. 

During  the  nineteenth  century  the  Federal  government  of 
the  United  States  created  the  Coast  and  Geodetic  Survey, 
the  Naval  Observatory,  the  Department  of  Agriculture,  and 
the  Geological  Survey. 

By  1930  the  annual  expenditure  of  the  United  States  gov¬ 
ernment  on  the  Federal  laboratories  had  reached  a  total  of 
$23,000,000  and  exceeded  that  of  the  universities  on  all 
forms  of  scientific  research.  The  expenditure  had  doubled  by 
1940,  and  the  Steelman  report  estimates  that  by  1950  it 
would  “normally”  have  doubled  again  if  there  had  been  no 
war.  The  Steelman  report  says: 


The  war  effort  lent  strong  impetus  to  the  long-term  expansion 
of  total  research  and  development  expenditures.  In  the  five  years 
from  1941  to  1945,  the  Nation  spent  $3  billion  for  these  purposes, 
almost  all  of  it  going  for  development  work  on  implements  of  war' 
About  83  percent  of  the  total  cost  of  this  huge  program  was 
financed  by  the  Federal  Government. 

Peak  annual  expenditures  during  the  war  for  all  research  and 
development  in  the  Nation  amounted  to  more  than  $800  million 
m  each  of  the  years  1944  and  1945.  In  the  latter  year,  the  Federal 
Government  expended  virtually  all  of  the  national  total-$750 
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In  1947  the  total  expenditures  for  research  and  develop¬ 
ment  by  the  Federal  government  [excluding  the  large  expen¬ 
ditures  of  the  Atomic  Energy  Commission  (AEC)] 
amounted  to  approximately  $625,000,000,  of  which  $500,- 
000,000  was  allocated  to  the  military  departments.  Of  this 
latter  amount,  however,  little  was  spent  in  laboratories  be¬ 
longing  to  the  Federal  government.  Four-fifths  of  the  re¬ 
search  done  for  the  Army  and  Navy  was  done  by  contract, 
the  basic  research  being  carried  out  in  the  universities  and 
the  development  work  by  industry. 

The  National  Security  Act  of  1947  established  a  Research 
and  Development  Boa^d  of  the  National  Military  Estab¬ 
lishment  to  advise  the  Secretary  of  Defense  on  the  status  of 
scientific  research  bearing  on  the  national  security  and  to 
assist  him  in  assuring  adequate  provision  for  research  and 
development  in  connection  with  scientific  problems  relating 
to  the  national  security.  The  Board  is  composed  of  a  chair¬ 
man  and  two  representatives  from  each  of  the  Departments 
of  the  Army,  Navy,  and  Air  Force  designated  by  the  Secre¬ 
taries  of  their  respective  departments.  The  chairman  is  a 
civilian  appointed  by  the  President  of  the  United  States;  in 
1948  K.  T.  Compton,  former  president  of  the  Massachusetts 
Institute  of  Technology,  wras  invited  to  fill  the  post. 

The  Board  prepares  for  the  approval  of  the  Secretary  of 
Defense  a  complete  and  integrated  master  plan  of  research 
and  development  for  military  purposes  and  allocates  among 
the  departments  and  agencies  of  the  Military  Establishment 
responsibilities  for  the  conduct  of  specific  research  and  de¬ 
velopment  programs  and  projects.  It  participates  in  co¬ 
ordinating  the  research  and  development  activities  of  the 
Army,  Navy,  and  Air  Force.  It  advises  the  Joint  Chiefs  of 
Staff  on  scientific  matters  and  recommends  to  the  appropriate 
departments  and  agencies  allocation  of  relative  emphasis 
within  their  programs. 

A  board  of  committees  concerned  with  different  fields  of 
research  and  development  assists  the  Research  and  Develop¬ 
ment  Board.  These  committees  are  composed  of  part-time 
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representatives  of  the  three  military  departments,  of  govern¬ 
mental  agencies,  of  scientific  and  educational  institutions, 
and  of  industry*  each  is  under  the  chairmanship  of  a  civilian. 

The  research  and  development  activities  of  the  Army  are 
under  the  control  of  the  Logistics  Division  of  the  Army  Gen¬ 
eral  Staff.  The  Research  and  Development  Group,  Logistics 
Division,  is  responsible  for  the  determination  of  all  Army 
research  and  development  requirements  and  for  the  estab¬ 
lishment  of  the  program  in  coordination  with  other  agencies. 
It  maintains  contact  with  the  Plans  and  Operations  Division 
of  the  General  Staff  and  coordinates  the  separate  research 
and  development  programs. 

The  implementation  of  the  research  and  development  pro¬ 
grams  of  the  Army  is  a  function  of  the  technical  and  ad¬ 
ministrative  services.  The  technical  services  are  the  Quarter¬ 
master  Corps,  the  Signal  Corps,  the  Corps  of  Engineers,  the 
Ordnance  Department,  the  Chemical  Corps,  the  Transporta¬ 
tion  Corps,  and  the  Medical  Department.  Each  of  these 
technical  services  is  equipped  for  carrying  on  technical  in¬ 
vestigations,  engineering  tests,  and  evaluations  of  material. 

Each  technical  and  administrative  service  has  a  research 
and  development  division,  or  staff  section,  which  has  super¬ 
vision  over  the  research  and  development  activities  of  the 
service.  Each  service  has  a  technical  committee  which  makes 
recommendations  for  the  initiation  of  specific  projects,  estab¬ 
lishes  priority  for  these,  and  considers  other  matters  relating 
to  development  and  testing.  Each  committee  includes  a 
representative  from  each  of  the  other  technical  services,  the 
Navy,  the  Marine  Corps,  and  the  Air  Force.  By  means  of 
these  committees,  coordination  is  effected  among  the  various 
agencies  concerned. 

Each  of  the  technical  services  has  laboratories  and  other 
facilities  for  carrying  on  its  program.  For  the  Quartermaster 
Coi  ps  there  are  five  separate  laboratories :  the  Climatic  Re¬ 
search  Laboratory  at  Lawrence,  Mass. ;  Food  and  Container 
Institute  for  the  Armed  Forces  at  Chicago,  Ill.;  the  Quarter¬ 
master  Research  and  Development  Laboratory  at  Jefferson- 
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ville,  Ind.;  the  Quartermaster  Research  and  Development 
Laboratory  at  Philadelphia,  Pa.;  and  the  Quartermaster 
Board  at  Camp  Lee,  Va. 

The  research  and  development  work  of  the  Signal  Corps 
is  centered  at  the  Signal  Corps  Engineering  Laboratories  at 
Fort  Monmouth.  N.J.  The  Corps  of  Engineers’  research  and 
development  work  is  done  at  the  Engineer  Research  and 
Development  Laboratories  located  at  Fort  Belvoir,  Va.,  and 
at  its  several  testing  installations  in  Arizona,  Virginia,  Ohio 
(Wright  Field),  and  Fort  Churchill  (Canada). 

The  Ordnance  Department  has  a  number  of  laboratories 
and  testing  facilities.  Since  the  requirements  of  ordnance 
are  quite  specific  to  Army  operations,  it  carries  on  most  of 
its  research  and  development  work  within  its  own  organiza¬ 
tion  and  has  consequently  built  up  extensive  facilities  which 
include  a  number  of  arsenals  throughout  the  country  and 
other  special  laboratories. 

The  technical  work  of  the  Chemical  Corps  is  carried  out 
at  the  Army  Chemical  Center,  Maryland,  where  the  Edge- 
wood  Proving  Ground  is  located.  Also  Camp  Detrich,  Md., 
has  a  large  research  laboratory.  Tests  are  also  made  at  an 
all-weather  proving  ground  at  St.  Thomas,  Virgin  Islands. 

No  research  and  development  facilities  other  than  the  ad¬ 
ministrative  offices  of  the  Board  are  under  the  jurisdiction 
of  the  Transportation  Corps. 

The  scientific  work  of  the  Medical  Department  is  carried 
on  in  a  numbei  of  places,  such  as  the  Army  Medical  Depart¬ 
ment  Research  and  Graduate  School  at  the  Army  Medical 
Center  in  Washington,  the  Army  Institute  of  Pathology  in 
Washington,  the  Medical  Department  Field  Research  Labo¬ 
ratory  at  Fort  Knox,  Ky.,  the  Medical  Nutrition  Laboratory 
at  Chicago,  Ill.,  and  others  in  different  locations. 

Planning  of  the  Army’s  research  and  development  work 
is  done  in  three  stages  of  progressively  increasing  detail: 
(1)  the  master  plan  prepared  by  the  Research  and  Develop¬ 
ment  Board;  (2)  the  over-all  plan  prepared  by  the  Research 
and  Development  Group,  Logistics  Division;  (3)  detailed 
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programs  prepared  by  the  technical  and  administrative 
services  of  the  Army.  The  initiation  of  a  research  and  devel¬ 
opment  project  may  arise  from  any  individual  or  agency 
within  or  outside  the  Army;  expressions  of  needs  and  sug¬ 
gestions  for  improvement  of  existing  materials  are  usually 
submitted  through  regular  command  channels,  but  ideas  for 
new  materials  or  research  problems  may  be  submitted 
directly  to  the  appropriate  agency.  Requirements  or  needs 
for  a  new  item  of  materiel  normally  originate  with  the  using 
agency,  whereas  ideas  for  new  items  often  originate  with  the 
development  agency.  Research  and  development  may  also 
originate  from  a  proposal,  suggestion,  or  invention  received 
from  an  individual  through  the  National  Inventors  Council. 

It  is  the  policy  of  the  Army  to  use  the  facilities  for  research 
and  development  in  industries  and  universities  in  so  far  as 
possible.  The  Army  makes  some  basic  research  contracts 
with  universities  and  also  has  contracts  for  specific  develop¬ 
ment  programs. 

In  1948  the  total  Army  expenditure  for  research  and  de¬ 
velopment  was  $113,000,000. 

In  addition  to  the  scientific  and  technological  work  of  the 
technical  services,  the  development  section  of  the  Army 
Field  Forces  is  responsible  for  requesting  technical  work  on 
items  of  materiel  of  importance  to  the  Army  Field  Forces 
and  for  carrying  out  appropriate  service  tests  on  such 
equipment.  The  development  section  initiates  requests  for 
research  and  development  work  to  the  General  Staff  and 
assumes  the  responsibility  for  active  participation  of  the 
Army  Field  Forces  in  the  program.  It  also  undertakes  experi¬ 
ments  which  are  not  properly  the  responsibility  of  other 
agencies  or  which  are  considered  necessary  for  the  develop¬ 
ment  of  improved  materiel. 

The  Army  Field  Forces’  research  and  development  test 
functions  are  performed  by  various  test  boards.  Such  boards 
are  stationed  at  Fort  Bragg,  N.C.;  Fort  Knox,  Ky  •  Fort 
Benmng,  Ga.;  and  Fort  Bliss,  Tex.  Each  of  these  boards  has 
jurisdiction  over  a  particular  type  of  equipment. 
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The  research  and  development  work  of  the  Navy  is  co¬ 
ordinated  by  the  Office  of  Naval  Research  (ONR).  The 
Chief  of  the  ONR  has  three  primary  responsibilities:  (1)  co¬ 
ordination  of  the  Navy's  entire  research  program;  (2)  gen¬ 
eral  supervision  over  three  laboratories  and  research  centers; 
(3)  support  of  a  program  of  basic  research  through  contracts 
with  other  agencies,  principally  colleges  and  universities.  In 
addition  to  these  duties,  the  Office  advises  the  Secretary 
of  the  Navy  on  Navy  research  programs,  represents  the 
Navy  on  research  matters  before  Congress,  other  Federal 
agencies,  and  foreign  governments,  and  directs  Navy  patent 
policy. 

The  relationships  between  the  responsibilities  of  the  ONR 
and  the  Navy  bureaus  are  fairly  well  defined.  Research  is 
the  primary  concern  of  the  ONR.  Development  is  the  main 
concern  of  the  Navy  bureaus,  but  in  some  cases  they  may  be 
assisted  by  the  ONR.  Evaluation  of  research  is  the  respon¬ 
sibility  of  the  Chief  of  Naval  Operations  and  is  the  concern 
of  the  ONR  only  when  the  evaluation  suggests  the  need  foi 
further  research.  Production  and  the  evaluation  of  the  de¬ 
velopment  stages  of  a  given  project  are  the  responsibility  of 
the  Materiel  bureaus. 

The  Chief  of  Naval  Research  is  assisted  by  a  Naval  Re¬ 
search  Advisory  Committee  appointed  by  the  Secretary  of 
the  Navy,  which  is  made  up  of  scientists  who  are  authorities 
in  the  various  fields  being  investigated  in  the  over-all  pro¬ 
gram.  This  committee  consults  with  and  advises  the  Chief 
of  the  ONR  and  the  Chief  of  Naval  Operations  in  matters 
pertaining  to  research.  Through  committee  representation, 
the  ONR  maintains  liaison  with  the  research  and  develop¬ 
ment  activities  in  the  Navy  departments  and  also  in  the 
Army,  other  governmental  institutions,  and  commercial 
concerns. 

The  ONR  is  responsible  for  all  patent  matters  of  the  Navy 
and  consequently  has  a  large  division  for  this  work. 

To  ensure  adequate  fundamental  research  and  technical 
development  of  interest  to  the  Navy,  the  ONR  has  an  extern* 
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sive  program  of  support  for  basic  research  in  universities  and 
research  foundations.  Indeed,  the  Office  is  the  principal  sup¬ 
porter  of  fundamental  research  by  United  States  scientists. 
This  university  program  is  carried  on  in  more  than  200  insti¬ 
tutions,  and  its  budget  accounts  for  nearly  40  per  cent  of  the 
nation’s  total  expenditures  in  pure  science  and  50  per  cent  of 
the  total  budget  of  the  ONR.  The  aggregrate  contracts  for 
basic  research  for  1938  totaled  $43,000,000,  of  which  $20,- 
000,000  came  from  the  budget  of  the  ONR.  A  total  of 
$9,000,000  was  distributed  by  the  ONR  for  other  Federal 
agencies,  and  approximately  $14,000,000  was  spent  by  the 
contracting  universities  from  their  own  funds.  It  is  apparent 
that  a  very  high  percentage  of  the  scientific  man  power  in 
universities  is  working  directly  for  the  Navy  on  problems  of 
basic  research.  Some  basic  research  projects  in  industrial  and 
other  governmental  laboratories  are  also  supported  by  the 
Office. 

The  three  laboratories  over  which  the  ONR  exercises 
direct  control  are  the  Naval  Research  Laboratory  at  Wash¬ 
ington,  D.C.;  the  Special  Devices  Center  at  Sands  Point, 
Port  Washington,  N.Y.;  and  the  Underwater  Sound  Refer¬ 
ence  Laboratory  at  Orlando,  Fla. 

The  Naval  Research  Laboratory  was  established  in  1923. 
It  has  grown  spasmodically  over  the  years  but  has  under¬ 
gone  great  expansion  since  the  beginning  of  the  Second 
World  War.  At  the  present  time,  the  laboratory  has  annual 
expenditures  of  the  order  of  $18,000,000.  At  the  beginning 
of  1949,  it  had  approximately  3,250  employees,  of  whom 
about  100  were  military,  the  remainder  being  civilians.  Of 
the  total  civilians,  about  970  were  professionally  trained 
scientists  and  engineers.  Of  the  $18,000,000  spent  in  1947  by 
the  Naval  Research  Laboratory,  $10,000,000  was  received 

from  the  ONR  and  the  balance  from  the  Materiel  bureaus 
of  the  Navy. 

The  Naval  Research  Laboratory  is  administered  by  a 

4QPfelffer’  J'  E-'  0ffice  of  Naval  Research,  Scientific  American,  180:11, 
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director.  Its  scientific  organization  is  broken  down  into  10 
divisions  with  scientific  personnel  employed  primarily  under 
Civil  Service.  These  divisions  are  Air-borne  Radio,  Elec¬ 
trical,  Chemistry,  Missile  Control,  Physics  Special  Research, 
Metallurgy,  Optics,  Ship-Shore  Radio,  Electronic  Special 
Research,  and  Sound. 

There  has  been  a  shift  in  emphasis  from  operational  and 
technical  evaluation  of  laboratory  equipment  needed  during 
the  late  war  to  more  fundamental  research  and  development 
programs.  Much  of  the  laboratory’s  activity,  however,  is 
concerned  with  development  work  following  from  the  basic 
research  investigations  sponsored  by  the  ONR  and  univer¬ 
sities. 

A  decision  as  to  whether  a  research  program  is  to  be  under¬ 
taken  in  the  Naval  Research  Laboratory  or  in  another  insti¬ 
tution  is  based  upon  such  considerations  as  the  specialized 
personnel  required  for  a  particular  project,  security  reasons, 
and  lack  of  interest  on  the  part  of  any  particular  bureau  of 
the  Navy  Department. 

The  Special  Devices  Center  conducts  research  and  devel¬ 
opment  work,  particularly  in  the  field  of  scientific  training 
in  equipment  and  human  engineering.  Research  is  directed 
toward  studies  of  capabilities  and  limitations  of  human  be¬ 
ings  in  operating  naval  craft.  For  example,  the  program  in¬ 
cludes  such  fields  as  human  factors  in  supersonic  flight, 
functional  aircraft  cockpits,  and  all-weather  flight  systems. 
The  Special  Devices  Center  is  also  engaged  in  an  extended 
investigation  in  the  field  of  automatic  computers.  The  sup¬ 
port  of  the  laboratory  from  the  ONR  amounted  to  $11,000,- 
000  in  1947. 

The  Underwater  Sound  Reference  Laboratory  was  estab¬ 
lished  during  the  Second  World  War  to  provide  an  inde¬ 
pendent  authority  to  which  sonar  equipment  might  be  re¬ 
ferred  for  calibration  and  standardization.  The  laboratory 
does  not  develop  apparatus  for  special  use  but  acts  in  an 
advisory  capacity  in  this  field.  It  does  develop  special  appa¬ 
ratus  and  techniques  for  making  the  highly  specialized  meas- 
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urements  with  which  it  is  concerned.  The  laboratory  spent 
$200,000  in  1947. 

Although  the  coordination  of  naval  research  is  a  function 
of  ONR,  developmental  work  by  the  Naval  bureaus  is 
planned,  conducted,  and  administered  by  the  bureaus.  Re¬ 
search  undertaken  or  supported  by  the  bureaus  is  reported 
to  the  ONR  to  ensure  that  a  balanced  program  for  the  Navy 
as  a  whole  is  maintained.  The  Navy  bureaus  are  Bureau  of 
Aeronautics,  Bureau  of  Ordnance,  Bureau  of  Ships,  Bureau 
of  Yards  and  Docks,  and  Bureau  of  Personnel.  Some  bureaus 
have  extensive  facilities  for  carrying  on  technical  investiga¬ 
tions  and  testing;  others  do  not. 

Most  of  the  development  work  of  direct  interest  to  the 
Bureau  of  Aeronautics  is  carried  on  by  private  aircraft  com¬ 
panies  or  private  aircraft-engine  manufacturers.  The  Naval 
Air  Materiel  Center  at  Philadelphia,  however,  includes  as 
one  of  its  units  the  Aeronautical  Engine  Laboratory. 

The  Bureau  of  Ordnance  is  concerned  with  the  develop¬ 
ment  of  new  ordnance  weapons  and  improvement  of  old 
weapons.  The  program  is  divided  among  seven  broad  areas, 
such  as  ammunition  and  explosives,  fire  control,  and  under¬ 
water  ordnance.  Work  done  with  governmental  facilities  is 
largely  in  three  major  research  and  testing  groups,  the 
Naval  Ordnance  Laboratory  at  White  Oak,  Md.,  the  Naval 
Ordnance  Test  Station  at  Inyokern,  Calif.,  and  the  Naval 
Proving  Ground  at  Dahlgren,  Va. 

The  Bureau  of  Ships  is  concerned  with  a  number  of  gen¬ 
eral  fields  of  research  of  wide  scope  and  complexity,  and  it 
maintains  a  large  variety  and  number  of  installations 
throughout  the  country:  to  mention  a  few,  the  David  W 
Taylor  Model  Basin,  Carderock,  Md.;  the  Naval  Engineer¬ 
ing  Experiment  Station,  Annapolis,  Md.;  the  Navy  Elec¬ 
tronics  Laboratory,  San  Diego,  Calif.;  the  Navy  Under¬ 
water  Sound  Laboratory,  New  London,  Conn  •  and  the 
Navy  Code  and  Signal  Laboratory,  Washington,  D  C 
The  Bureau  of  Yards  and  Docks  conducts  a  fairly  exten 
-  ve  program  for  the  development  of  improved  types  of  pon- 
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toons,  movable  slips,  dry  docks,  and  barges.  It  appears  to 
have  no  facilities  of  its  own. 

The  research  and  development  work  of  the  Air  Force  is 
controlled  by  the  Directorate  of  Research  and  Development, 
which  is  organized  within  the  framework  of  the  Deputy 
Chief  of  Staff,  Materiel.  As  with  the  Army  and  Navy,  the 
programs  of  the  Air  Force  are  coordinated  with  those  of 
other  services  through  the  Research  and  Development 
Board.  The  Directorate  controls  the  operation  of  a  number 
of  Air  Force  agencies  and  exercises  direct  supervision  in  the 
initiation,  planning,  and  coordination  of  all  Air  Force  re¬ 
search  programs.  The  Director  of  Research  and  Develop¬ 
ment  is  the  military  director  of  the  Chief  of  Staff’s  Scientific 
Advisory  Board,  and  it  is  his  responsibility  to  keep  the 
Board  advised  of  current  and  future  projects  involving 
technical  research  matters. 

The  Air  Force’s  research  and  development  budget  for  the 
fiscal  year  1948  was  approximately  $145,000,000,  and  of  this 
approximately  70  per  cent  was  spent  on  contracts  with 
civilian  organizations.  Over  two-thirds  of  the  expenditure 
was  for  aeronautical  research  and  development. 

The  research  and  development  work  of  the  Air  Force  is 
conducted  through  four  major  agencies.  The  Engineering 
Division,  Air  Materiel  Command,  is  mainly  concerned  with 
development  work  and  maintains  extensive  laboratories  and 
testing  equipment.  Twelve  of  the  Air  Force’s  13  specialized 
development  laboratories,  as  well  as  the  Flight  1  est  Division 
and  the  Aero-Medical  Laboratory,  are  located  at  Air  Ma¬ 
teriel  Headquarters,  Wright-Patterson  Air  Force  Base,  Ohio. 
The  basic  research  programs  of  the  Engineering  Division 
are  carried  out  under  contract  with  private  institutions. 

The  Special  Weapons  Group,  Deputy  Chief  of  Staff, 
Operations,  is  responsible  for  the  Air  Force’s  participation 
in  the  application  of  atomic  energy  for  military  purposes  and 
engages  in  projects  connected  with  special  weapons  with 
which  it  is  concerned. 
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The  Air  Force  Technical  Committee  is  responsible  for  the 
coordination  of  the  research  and  development  work  con¬ 
cerned  with  supply  and  maintenance  problems  and  for  the 
integration  of  these  programs  with  those  of  the  Army  and 
Navy.  In  order  to  avoid  duplication  of  work,  the  Technical 
Committee  reviews  all  Air  Force  research  and  development 
projects  before  contracts  are  let. 

A  good  deal  of  the  technical  work  of  the  Air  Force  is 
carried  on  in  other  government  and  private  laboratories, 
particularly  in  the  field  of  basic  research.  For  example,  al¬ 
most  all  basic  data  in  the  fields  of  aeronautics  and  thermo¬ 
dynamics  are  obtained  from  the  National  Advisory  Com¬ 
mittee  for  Aeronautics  (NACA). 

The  Director  of  Research  and  Development  coordinates 
and  implements  the  research  and  development  programs  for 
the  Air  Force.  His  office  has  four  main  divisions:  Plans,  Pro¬ 
grams,  and  Policy  Division,  Engineering  Division,  Research 
Division,  and  Human  Resources  Division.  The  Plans,  Pro¬ 
grams,  and  Policy  Division  is  responsible  for  determining, 
directing,  reviewing,  and  coordinating  plans,  programs,  and 
policies  and  procedures  relating  to  research  and  development 
activities.  The  Engineering  Division  is  responsible  for  super¬ 
vising  and  coordinating  the  technical  activities  of  the  Air¬ 
craft  Branch,  Electronics  Branch,  Equipment  Branch, 
Guided  Missiles  Branch,  Propulsion  Branch,  and  Geophysi¬ 
cal  Science  Branch. 

The  Research  Division.  exercises  staff  supervision  over 
basic  and  applied  research  activities,  which  involves  super¬ 
vision  over  research  projects,  research  facilities,  and  scien¬ 
tific  data.  The  Research  Division  maintains  liaison  with  the 
Departments  of  the  Army  and  Navy. 

The  Human  Resources  Division  is  concerned  with  studies 
of  the  reaction  of  the  human  organism  to  stress,  strain,  and 
other  conditions  imposed  by  the  operation  of  aircraft.  The 
Division  coordinates  the  programs  and  projects  in  its  field 
maintains  liaison  with  all  domestic  and  foreign  agencies  en- 
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gaged  in  similar  work,  and,  in  general,  analyzes  and  dis¬ 
seminates  pertinent  data. 

The  research  and  development  activities  of  the  Air  Force 
are  almost  entirely  confined  to  applied  research,  develop¬ 
ment,  and  testing.  There  are  10  important  categories  of  the 
applied  research  program. 

Work  on  aircraft  design  is  carried  on  largely  at  the  Air 
Materiel  Command,  Wright-Patterson  Air  Force  Base,  Ohio, 
but  some  contracts  are  let  with  private  research  organiza¬ 
tions. 

The  guided-missile  projects  are  investigated  at  Holloman 
Air  Force  Base,  Alamogordo,  N.M.;  Kirtland  Air  Force 
Base,  Albuquerque,  N.M.;  Muroc  Air  Force  Base,  Calif.; 
and  the  Army  Ordnance  Department’s  proving  ground  at 
White  Sands,  N.M. 

A  third  category  is  that  of  aircraft  and  missile  propulsion. 
A  great  deal  of  work  in  this  field  is  done  by  private  aircraft 
laboratories  under  the  supervision  of  the  Air  Materiel 
Command. 

Specialized  work  in  electronics  is  done  at  the  Cambridge 
Field  Station,  Cambridge,  Mass.;  Griffiss  Air  Force  Base, 
Rome,  N.Y.;  and  Robins  Air  Force  Base,  Macon,  Ga.  Con¬ 
tracts  are  also  let  with  private  concerns  and  research  foun¬ 
dations. 

The  study  of  meteorology  is  very  important  to  the  Air 
Force,  and  investigations  in  this  field  are  carried  out  by  the 
Geophysical  Research  Division.  The  work  is  done  at  the  Air 
Force  Atmospheric  Laboratory  at  Red  Bank,  N.J.,  and  at 
the  All-weather  Flying  Center  located  at  Clinton  County 
Air  Force  Base  in  Wilmington,  Ohio. 

The  aviation  medicine  programs  are  conducted  under  the 
technical  supervision  of  the  Air  Surgeon.  Most  of  the  re¬ 
search  is  done  at  the  Aero-Medical  Laboratory  at  Wright- 
Patterson  Field  and  at  Randolph  Air  Force  Base,  San  An¬ 
tonio,  Tex. 

In  the  field  of  armament,  the  Air  Force  cooperates  with 
the  Army  Ordnance  Department,  the  Chemical  Corps,  and 
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the  Navy.  Much  of  the  testing  of  equipment  is  done  at 
Muroc  Air  Force  Base,  Calif.,  and  at  the  Army  Air  Force 
proving  ground  at  White  Sands,  N.M. 

The  Air  Force  conducts  an  extensive  program  on  winter¬ 
ization.  Tests  are  made  at  the  Cold  Weather  Test  Detach¬ 
ment  located  at  Ladd  Field,  Fairbanks,  Alaska,  and  at  the 
Climatic  Hangar  at  Eglin  Air  Force  Base,  Valparaiso,  Fla. 

In  the  field  of  atomic  energy,  the  Air  Force  cooperates 
with  the  Atomic  Energy  Commission  (AEC)  and  par¬ 
ticipates  in  research  and  tests  carried  out  at  the  Commis¬ 
sion’s  proving  ground  at  Eniwetok  Atoll,  Marshall  Islands. 
The  Air  Force  also  sponsors  an  extensive  research  program 
connected  with  the  application  of  nuclear  energy  to  aircraft 
propulsion. 

The  research  and  development  work  in  the  field  of  human 
resources  is  conducted  mainly  at  Barksdale  Air  Force  Base, 
Shreveport,  La.,  and  Larkland  Air  Force  Base,  San  Antonio, 
Tex. 

Recently,  the  Air  Force  has  established  a  nonprofit  or¬ 
ganization,  known  as  the  Rand  Corporation,  to  undertake 
basic  research  on  problems  of  importance  to  the  national 
security.  The  corporation  is  governed  by  a  board  of  civilian 
trustees  made  up  of  scientists  and  industrial  representatives. 
The  working  capital  for  the  corporation  was  supplied  from 
private  sources,  and  its  work  is  carried  on  under  contracts 
with  the  Air  Force.  The  staff  of  Rand  is  composed  for  the 
most  part  of  mathematicians,  physicists,  aerodynamicists, 
engineers,  and  statisticians.  The  programs  are  concerned  with 
fundamental  research  rather  than  development. 

The  National  Advisory  Committee  for  Aeronautics  was 
established  by  an  act  of  Congress  in  1915  as  the  government’s 
aeronautical  research  agency.  It  is  independent  of  the  Mili¬ 
tary  Establishment,  and  the  enabling  act  specifically  charges 
it  with  the  “study  of  the  problems  of  flight  with  a  view  to 
their  practical  solution.”  The  NACA  operates  its  own  re¬ 
search  laboratories,  coordinates  its  fundamental  research 
programs  with  those  of  other  agencies,  and  encourages 
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and  supports  research  in  scientific  and  educational  insti¬ 
tutions. 

The  main  committee  of  the  NACA  consists  of  15  mem¬ 
bers  appointed  by  the  President  and  includes  2  representa¬ 
tives  of  each  of  the  offices  in  charge  of  naval  and  military 
aviation;  2  representatives  of  the  Civilian  Aeronautics  Au¬ 
thority;  1  representative  each  of  the  Smithsonian  Institu¬ 
tion,  the  United  States  Weather  Bureau,  and  the  National 
Bureau  of  Standards;  and  6  additional  persons  who  are 
familiar  with  the  needs  of  aeronautical  science,  either  civilian 
or  military,  or  are  skilled  in  aeronautical  engineering  or  its 
allied  sciences. 

The  main  committee  is  supplemented  by  a  system  of 
technical  committees  and  subcommittees  to  prepare  and 
recommend  the  programs  of  research  to  be  conducted  in 
their  respective  special  fields.  The  subcommittees  also  assist 
in  coordinating  research  programs  and  act  as  mediums  of 
exchange  of  ideas  and  information  among  all  groups  con¬ 
cerned  with  aviation. 

The  administration  of  the  NACA  research  activities  is 
carried  out  by  a  director  of  research  located  in  Washington, 
who  controls  the  operations  of  the  three  principal  research 
laboratories  and  awards  research  contracts  for  wrork  to  be 
done  outside  of  its  own  laboratories.  The  budget  of  the 
NACA  has  increased  steadily  and  in  1948  totaled  approxi¬ 
mately  $43,500,000.  During  this  year  the  maximum  staff  was 
6,263  persons. 

The  interests  of  NACA  are  largely  in  the  field  of  funda¬ 
mental  aeronautical  research,  and  many  of  the  results  of  its 
investigations  are  important  to  the  military  services.  A 
large  amount  of  the  research,  however,  finds  application  to 
civilian  aircraft,  particularly  in  connection  with  air  safety 
and  operational  efficiency. 

Of  the  three  principal  research  laboratories  of  the  NACA. 
the  original  and  largest  is  the  Langley  Memorial  Aeronau¬ 
tical  Laboratory  at  Langley  Field,  near  Hampton,  Va.  Re¬ 
search  at  this  laboratory  involves  aerodynamics,  hydrody- 
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namics,  aircraft  structures,  and  aircraft  loads.  A  flight  station 
for  pilotless  aircraft  is  operated  in  conjunction  with  t  ic 

Langley  laboratory.  ~ 

The  Ames  Aeronautical  Laboratory  on  the  Navy  s  Motiett 
Field  south  of  San  Francisco,  Calif.,  is  concerned  primarily 
with  high-speed  aerodynamics  and  has  the  largest  and  some 
of  the  fastest  wind  tunnels  in  the  world. 

The  Flight  Propulsion  Research  Laboratory  is  located  at 
Cleveland  Airport,  Ohio,  and  its  work  covers  all  problems  of 
aircraft  propulsion,  including  the  special  supersonic  aero¬ 
dynamic  problems  connected  with  high-speed  propulsion. 

Research  contracts  are  let  with  universities  and  other  or¬ 
ganizations  having  suitable  equipment.  One  of  the  primary 
objectives  of  contract  research  is  to  increase  the  reserve  of 
personnel  trained  in  aeronautical  research. 

The  results  of  the  scientific  investigations  of  the  NACA 
laboratories  are  presented  in  technical  reports.  The  reports 
are  distributed  as  a  government  service  to  designers,  manu¬ 
facturers,  and  operators  of  aircraft  and  technical  and  scien¬ 
tific  libraries  throughout  the  country.  The  areas  of  NACA 
research  are  roughly  divided  as  follows:  aerodynamics, 
hydrodynamics,  propulsion,  aircraft  loads,  air-frame  con¬ 
struction  and  materials,  operating  problems,  physical  re¬ 
search,  flight  and  pilotless  aircraft. 

The  control  of  expenditures  for  research  on  atomic  energy 
by  the  United  States  government  is  vested  in  the  Atomic 
Energy  Commission,  which  operates  a  division  of  research. 
The  total  estimated  expenditures  by  the  AEC  for  the  fiscal 
year  1949  are  $632,000,000.  No  data  are  available  as  to  the 
proportion  of  this  total  amount  that  will  be  spent  on  re¬ 
search  and  development  work,  but  it  undoubtedly  represents 
a  large  fraction.  No  attempt  is  made  to  describe  in  detail 
the  organization  and  operation  of  the  research  facilities  and 
program  of  the  AEC;  the  available  information  has  been 
summarized  by  the  Commission.2 

.  2  Fifth  Semiannual  Report  of  the  Atomic  Energy  Commission  ”  Gov¬ 
ernment  Printing  Office,  Washington,  D.C.,  1949. 
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The  AEC  operates  a  number  of  laboratories  and  also  con¬ 
tracts  for  research  with  educational  and  industrial  institu¬ 
tions.  The  Commission’s  three  national  laboratories,  which 
are  operated  in  cooperation  with  58  universities  and  research 
institutions,  are  the  Argonne  Laboratory  at  Chicago,  the 
Brookhaven  Laboratory  on  Long  Island,  and  the  Oak  Ridge 
Laboratory  at  Oak  Ridge.  In  addition,  the  Commission  oper¬ 
ates  the  Los  Alamos  Scientific  Laboratory,  the  Radiation 
Laboratory  at  the  University  of  California,  and  the  Ames 
Laboratory  at  Iowa  State  College.  The  Knolls  Laboratory 
at  Schenectady  is  under  construction.  Research  is  done  to 
some  extent  in  the  laboratories  connected  with  the  Hanford 
and  Oak  Ridge  Production  Plants.  The  Argonne  National 
Laboratory  is  operated  by  the  University  of  Chicago,  the 
Brookhaven  National  Laboratory  jointly  by  9  universities, 
and  the  Oak  Ridge  National  Laboratory  by  the  Carbide  and 
Carbon  Chemicals  Corporation.  The  AEC  carries  on  exten¬ 
sive  programs  of  research  under  contract  with  universities 
and  research  institutions  and  also  engages  in  joint  programs 
with  the  ONR. 

One  of  the  special  services  provided  by  the  Commission 
is  the  production  and  distribution  of  radioactive  and  stable 
isotopes  to  universities,  research  institutes,  and  industrial 
concerns  engaged  in  fundamental  research  of  all  kinds.  This 
service  is  a  valuable  contribution  to  the  research  effort  of 
the  country  as  a  whole. 

Apart  from  the  military  services,  the  NACA,  and  the  AEC, 
the  largest  amount  of  Federal  research  is  carried  on  by  the 
Departments  of  Agriculture  and  of  the  Interior,  each  of 
which  spends  about  $30,000,000  annually.  The  Department 
of  the  Interior  supports  the  Geological  Survey  with  an  ex¬ 
penditure  of  $12,500,000  a  year,  of  which  about  half  is  spent 
on  survey  work,  field  work,  and  the  preparation  of  maps.  The 
Bureau  of  Mines  was  established  in  1910.  It  has  five  divi¬ 
sions:  Fuels  and  Explosives,  Metallurgy,  Mining,  Health 
and  Safety,  and  Statistics.  Its  total  expenditure  in  1947  was 
$13,000,000,  of  which  nearly  $5,000,000  was  spent  on  a  pro- 
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gram  for  the  production  of  synthetic  liquid  fuels.  This  is  a 
5-year  program,  authorized  in  1944,  for  the  production  of 
gasoline  and  oil  from  coal  and  shale  oil.  Pilot  plants  have 
been  constructed  and  are  being  operated  on  an  experimental 
basis.  The  Fish  and  Wild  Life  Service,  costing  slightly  less 
than  $3,000,000  a  year,  is  also  under  the  control  of  the  De¬ 
partment  of  the  Interior. 

The  Department  of  Agriculture  was  established  in  1862 
“to  acquire  and  to  diffuse  among  the  people  of  the  United 
States  useful  information  on  subjects  connected  with  agri¬ 
culture.”  Accordingly,  the  Department  has  alwrays  carried 
out  field  experiments  with  a  program  of  chemical  and  bio¬ 
logical  research.  In  1900  the  Department’s  appropriation  for 
scientific  research  was  $700,000;  at  the  present  time  it  is 
somewhat  more  than  $30,000,000,  of  which  about  $6,000,000 
is  transferred  to  the  states  for  research  in  agricultural  exper¬ 
iment  stations.  Besides  the  experiment  stations,  the  main 
expenditures  on  research  by  the  Department  are  for  the 
Bureau  of  Animal  Industry,  the  Bureau  of  Agricultural  and 
Industrial  Chemistry,  the  Forest  Service,  the  Bureau  of 
Plant  Industry  and  Soils,  and  the  Bureau  of  Entomology. 
The  scientific  work  of  the  Department  is  closely  integrated 
with  the  administration  of  the  agricultural  programs  of  the 
country.  The  Bureau  of  Animal  Industry  works  on  the  im¬ 
provement  of  livestock  breeding  and  on  the  diseases  that 
afflict  animals  and  cause  economic  loss.  The  Bureau  of  Agri¬ 
cultural  and  Industrial  Chemistry  is  perhaps  the  chief  re¬ 
search  bureau  of  the  Department.  It  operates  the  four  re¬ 
gional  research  laboratories  established  in  1938  to  discover 
ways  of  utilizing  specific  agricultural  commodities  for  indus¬ 
try  as  well  as  for  food.  These  laboratories  were  intended  to 
improve  the  utilization  of  the  occasional  large  agricultural 
surpluses.  The  four  laboratories  are  Southern,  at  New 
Orleans,  La.,  dealing  especially  with  cotton,  sweet  potatoes 
and  peanuts;  Western,  near  Oakland,  Calif,  alfalfa,  fruits’ 
poultry  vegetables,  wheat,  and  potatoes;  Eastern,  Wynd- 
noor,  Pa,  apples,  vegetable  wastes,  tobacco,  milk,  animal 
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fats,  potato  starch,  tanning  materials,  and  leather;  North¬ 
ern,  Peoria,  Ill.,  agricultural  residues,  plastics,  chemicals 
from  fermentation,  cellulose  pulps,  building  materials,  and 
products  from  corn  and  wheat  and  from  soybeans.  This  last 
laboratory  specializes  in  chemistry,  especially  organic  chem¬ 
istry.  The  regional  laboratories  are  still  young  but  are 
already  making  an  excellent  record.  They  are  well  equipped, 
not  only  in  the  scientific  laboratories  but  with  pilot  plants 
in  which  new  processes  can  be  operated  and  new  products 
made  on  an  experimental  scale.  They  cooperate  closely,  not 
only  with  other  departmental  laboratories,  but  with  the  state 
experiment  stations  and  with  industry.  Their  present  annual 
cost  approximates  $1,000,000  for  each  of  the  four  labora¬ 
tories.  The  largest  of  the  Department’s  research  bureaus, 
costing  about  $7,000,000  annually,  is  the  Bureau  of  Plant 
Industry  and  Soils.  The  very  important  work  of  the  Depart¬ 
ment  on  plant  pathology  is  carried  out  in  this  bureau. 

The  Department  of  Commerce  spends  about  $10,500,000 
on  scientific  research,  of  which  more  than  70  per  cent  is  allo¬ 
cated  to  the  great  physical  laboratory,  the  National  Bureau 
of  Standards.  The  Bureau  was  established  in  1901  and  fol¬ 
lows  the  pattern  of  the  Physikalische  Technische  Reichsan- 

stalt  in  Germany  (Chap.  IV,  page  81). 

Soon  after  its  organization,  the  Bureau  of  Standards  inau¬ 
gurated  a  program  of  research  in  physics  which  was  con¬ 
spicuously  successful.  Improvements  in  the  methods  of  de¬ 
termining  the  primary  physical  units  of  length  and  mass 
and  the  electrical  units  placed  the  Bureau  among  the  great 
physical  laboratories  of  the  world,  and  a  number  of  excellent 
programs  of  research  were  carried  out.  At  the  same  time  the 
Bureau  was  primarily  an  important  center  for  research  in 
pure  physics.  When  the  value  of  industrial  research  began 
to  be  realized,  however,  the  Bureau  diverted  its  energies 
toward  applied  science,  and  this  movement  was  accelerated 
by  the  requirements  of  the  First  World  War. 

In  1922,  the  Bureau  of  Standards  introduced  a  program  of 
industrial  research  which  enables  industrial  and  trade  asso 
ciations  to  support  projects  at  the  Bureau  through  research 
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associates.  The  projects  may  be  set  up  in  any  field  of  science 
for  which  the  Bureau  has  facilities  and  usually  deal  with 
methods  of  testing  commercial  materials  and  specifications 
of  quality  and  performance.  The  operation  has  been  on  a 
small  scale;  the  most  successful  work  has  been  that  for  the 
American  Dental  Association,  which  had  five  associates  at 
the  Bureau  in  1947. 

The  Second  World  War  involved  a  great  expansion  in  the 
work  of  the  Bureau.  In  1946-1947  most  of  its  funds  were 
used  for  military  research  requested  and  paid  for  by  the 
War  and  Navy  Departments.  The  Bureau  was  involved  in 
work  on  atomic  energy,  on  the  proximity  fuse,  and  on  guided 
missiles,  and  in  1946  the  Central  Radio  Propagation  Labora¬ 
tory  was  created  as  a  regular  division  of  the  Bureau  for 
specific  research  on  radio-wave  propagation.  The  Director 
of  the  Bureau  is  E.  U.  Condon,  with  E.  C.  Crittenden  and 
W.  R  Brode  as  associate  directors.  The  divisions  are  con¬ 
cerned  with  electronics;  applied  mathematics,  in  which  is 
carried  out  the  centralized  program  on  computing  machines ; 
radio  propagation;  mechanics;  sound;  electricity;  optics; 
atomic  physics ;  heat  and  power ;  metrology ;  chemistry ;  or¬ 
ganic  and  fibrous  materials,  including  especially  high-poly¬ 
mer  research ;  mineral  products  and  metallurgy. 

The  Bureau  of  Standards  is  now  a  highly  divergent  labora¬ 
tory,  covering  a  wide  field  of  work  in  the  physical  sciences 
and  even  entering,  to  some  extent,  into  applied  and  indus¬ 
trial  research.  It  is  probable  that  reorganization  of  its  work 
would  be  desirable.  It  is  primarily  a  standardizing  labora¬ 
tory  and  should  be  pursuing  active  basic  research  in  pure 
science  to  improve  the  methods  used  for  the  determination 
of  the  fundamental  physical  units,  including  the  new  units 
required  for  the  ever-widening  developments  of  nuclear 
physics.  The  service  sections  of  the  Bureau,  used  as  testing 
laboratories  for  government  departments,  should  probably 
be  separated  from  the  National  Bureau  of  Standards  and 
the  military  research  should  be  carried  out  elsewhere. 

The  Bureau  of  Standards  represents  only  a  small  part  of 
the  government’s  research  effort,  and  it  is  probably  quite 
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efficient,  but  perhaps  it  would  be  a  good  place  to  start  a 
general  reorganization.  Probably  the  guiding  principle  in  that 
reorganization  should  be  that  of  convergence.  Instead  of  al¬ 
lowing  the  laboratory  to  expand  and  diversify,  to  cover  a 
continually  wider  field  of  scientific  interest,  it  should  be 
divided  into  a  number  of  sections,  each  directed  toward  a 
specific  field,  the  skill  and  knowledge  of  scientists  having  a 
wide  range  of  training  being  concentrated  upon  that  field. 
Then  the  operating  staffs  of  the  government  departments 
should  turn  for  advice  and  help  to  the  appropriate  sec¬ 
tion.  This  organization  would  diminish  duplication  of  effort, 
which  is  greatly  feared  by  administrators,  although  probably 
it  is  a  minor  evil;  but  it  would  also  utilize  the  available 
scientific  ability  to  the  maximum  extent,  and  this  utilization 
is  very  important  because  scientific  and  technical  progress 
is  limited  primarily  by  the  scientific  ability  available. 

What  is  wanted  is  a  series  of  functional  laboratories,  such 
as  a  laboratory  devoted  to  synthetic  organic  chemistry,  one 
devoted  to  high  polymers,  one  (the  original  Bureau  of 
Standards)  dealing  with  fundamental  physical  units,  etc. 

In  Great  Britain,  the  total  expenditure  for  1947-1948  on 
governmental  research  and  development  amounted  to  about 
£69, 000, 000, 3  but  of  this  over  £60,350,000  was  allotted  to  the 
Admiralty  and  the  Ministry  of  Supply,  i.e.,  to  the  defense 
services.  The  estimates  for  the  other  government  depart¬ 
ments  are  as  follows: 


Department  of  Scientific  and  Industrial  Research  £3,120,000 
Industrial  research  by  other  departments .  1,500,000 


Post  office  .  7oU,uuu 

Agricultural  and  fisheries  research .  2,150,000 

Medical  research  .  711,000 

Research  in  dominions  and  colonies .  540,000 


Total  .  £8,771,000 

3  Mills,  H.  R.,  The  Organization  of  Scientific  Research  in  Great  Brit¬ 
ain.  British  Science  News,  1:6,  1948. 
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Grants  to  universities  and  similar  institutions  for  scientific 
purposes  are  roughly  estimated  as  follows: 


Recurrent  grants: 

For  science,  technology,  and  agriculture . 

For  additional  medical  and  dental  education.. 
Capital  grants,  probably  not  less  than . 


£3,400,000 

2,200,000 

1,800,000 


Total  .  £7,400,000 

Government  expenditure  on  nonmilitary  scientific  re¬ 
search,  with  the  exception  of  medicine  and  agriculture,  is 
largely  under  the  control  of  the  Department  of  Scientific  and 
Industrial  Research  of  Great  Britain,  organized  in  1915.  The 
activities  of  the  Department  fall  into  three  main  classifica¬ 
tions  : 


1.  Research  in  the  national  interest  and  research  to  meet 
the  requirements  of  government  departments,  which 
are  carried  out  in  national  research  laboratories  oper¬ 
ated  under  the  control  and  direction  of  the  Depart¬ 
ment 

2.  The  encouragement  of  research  and  the  application  of 
scientific  knowledge  in  industry,  which  are  carried  out 
primarily  through  the  research  associations  discussed 
in  detail  in  Chap.  V 

3.  The  encouragement  of  fundamental  research  at  univer¬ 
sities  and  elsewhere  and  assistance  in  the  production  of 
a  supply  of  trained  research  workers  (Chap.  VI,  page 

115) 


The  following  are  the  research  organizations  of  the  De¬ 
partment,  the  total  expenditure  on  which  approximates 
$9,000,000  annually: 

1.  The  National  Physical  Laboratory 

2.  The  Chemical  Research  Laboratory 

3.  The  Building  Research  Station 

4.  Food-investigation  stations,  including  a  low-tempera¬ 
ture  station  at  Cambridge 
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5.  The  Forest  Products  Research  Laboratories 

6.  The  Fuel  Research  Station,  with  a  number  of  local 
laboratories 

7.  The  Pest  Infestation  Research  Laboratory 

8.  The  Road  Research  Laboratory 

9.  The  Water  Pollution  Research  Laboratory 

10.  The  Fire  Research  Station 

11.  The  Geological  Survey 

It  will  be  noted  that,  with  the  exception  of  the  National 
Physical  Laboratory  and  the  Chemical  Research  Laboratory, 
these  research  organizations  are  strictly  functional,  each 
laboratory  concentrating  on  a  definite  field  of  applied 
science.  An  Engineering  Research  Laboratory  is  being  estab¬ 
lished  in  southern  Scotland. 

The  National  Physical  Laboratory  was  founded  in  1902, 
and  until  1918  it  was  under  the  control  of  the  Royal  Society, 
but  no  clear  statement  has  been  made  as  to  the  functions  of 
the  laboratory.  It  appears  to  be  suffering  from  a  lack  of 
definite  policy.  The  supervision  of  its  scientific  work  is  still 
exercised  by  a  committee  of  the  Royal  Society.  Like  the 
Bureau  of  Standards,  the  primary  work  of  the  National 
Physical  Laboratory  was  the  establishment  and  maintenance 
of  standards  and  the  determination  of  the  fundamental 
physical  units.  The  laboratory  has  a  Division  of  Metallurgy, 
in  which  important  work  on  alloys  has  been  done,  and  it  has 
an  engineering  laboratory.  It  has  also  Divisions  on  Aero¬ 
dynamics,  including  a  Wind  Tunnel  and  a  Ship  Division, 
with  tanks  for  the  testing  of  models  for  the  improvement  of 
the  design  of  ships.  It  would  appear  that  these  technical 
laboratories  might  advantageously  be  removed  from  the 
Physical  Laboratory  and  given  a  separate  establishment. 
The  very  drastic  restrictions  on  building  and  on  capital  ex¬ 
penditure  perhaps  make  this  separation  impossible  at  the 
present  time,  though  there  seems  to  be  no  reason  for  the 
incorporation  of  the  Ship  Division  and  its  tanks  in  the  labo¬ 
ratory.  The  Royal  Society  Committee  on  the  National  Physi- 
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cal  Laboratory  might,  however,  prepare  and  publish  a  dis¬ 
cussion  of  its  philosophy  of  the  organization  and  work  of  the 
laboratory;  and  the  function  of  the  laboratory  and,  indeed, 
of  the  Department  of  Scientific  and  Industrial  Research 
might  be  considered  by  the  Advisory  Council  on  Scientific 
Policy. 

Scientific  men  engaged  in  pure  science  tend  to  regard  any 
scientific  work  as  valuable.  This  may  be  true  in  the  case  of 
fundamental  research,  because  no  one  knows  the  value  of 
any  piece  of  new  knowledge,  but  it  is  not  at  all  true  of  applied 
research.  It  is  really  important  to  utilize  the  present  limited 
resources  of  science  to  the  best  advantage,  and  it  is  especially 
important  not  to  use  first-class  scientific  talent  upon  “prac¬ 
tical”  problems  presented  by  industrial  firms,  who  ought  to 
be  able  to  solve  them  themselves.  Probably  the  National 
Physical  Laboratory  ought  not  to  carry  out  any  industrial 
research. 

When  the  Department  of  Scientific  and  Industrial  Re¬ 
search  was  organized,  it  began  to  support  certain  chemical 
investigations  carried  out  by  groups  of  workers  frequently 
located  in  widely  separated  laboratories.  The  Chemical  Re¬ 
search  Laboratory  was  started  in  1925  to  centralize  these 
research  activities. 

The  Chemical  Research  Laboratory  is  intended  to  carry 
out  chemical  researches  of  a  fundamental  nature  that  are 
not  otherwise  adequately  provided  for,  researches  for  other 
stations  of  the  Department  of  Scientific  and  Industrial  Re¬ 
search  and  for  other  government  departments,  and,  at  the 
request  of  industry,  chemical  research  considered  to  be  of 
general  value  and  which  industry  is  willing  to  support  finan¬ 
cially.  The  laboratory  has  made  a  number  of  discoveries  and 
advances  in  technology.  It  is  of  moderate  size,  and  the  build¬ 
ings  contain  65  rooms,  including  three  semiscale  laboratories. 

The  work  of  the  laboratory  is  now  organized  in  three 
mam  groups:  one  dealing  with  the  corrosion  of  metals, 
a  group  containing  an  inorganic  section  and  a  radio- 
c  emical  section,  and  an  organic  group  dealing  with  coal  tar 
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and  organic  intermediates.  Work  is  also  in  hand  on  high 
polymers  and  plastics  and  especially  on  the  relation  between 
the  chemical  structure  and  the  physical  and  physicochemical 
properties  of  high  polymers. 

Two  years  after  the  Department  of  Scientific  and  In¬ 
dustrial  Research  was  organized,  in  1917,  it  appointed  a 
Fuel  Research  Board,  and  this  Board  set  up  a  central  Fuel 
Research  Station  equipped  for  experiments  on  an  inter¬ 
mediate  scale  and  on  a  large  scale.  Full-scale  units  included 
plans  for  cleaning,  drying,  and  pulverizing  coal  for  the  pro 
duction  of  coke,  coal  gas,  producer  gas,  water  gas,  and  hydro¬ 
gen  and  for  experimental  work  on  boilers.  The  work  of  this 
station,  which  is  near  Greenwich  on  the  Thames,  has  been 
steadily  developed.  The  total  staff  is  about  250,  including  60 
graduates  in  chemistry,  engineering,  and  physics. 

To  coordinate  the  research  work  of  the  gas  industry,  a 
Gas  Research  Board  was  created  as  a  central  research  asso¬ 
ciation  in  1938,  and  in  1943  it  became  associated  with  the 
Department  of  Scientific  and  Industrial  Research.  The  total 
expenditure  on  research  and  development  in  the  gas  industry 
is  very  considerable,  the  industry  being  a  very  large  one  in 
Great  Britain.  Most  of  the  work  is  of  a  practical  nature,  and 
it  is,  of  course,  associated  very  closely  with  fuel  research  and 
with  the  conditions  of  carbonization. 

In  Great  Britain,  as  elsewhere,  agricultural  research  is 
chiefly  directed  and  financed  by  the  government.  The  depart¬ 
ments  concerned  are  the  Ministry  of  Agriculture  and  Fish¬ 
eries  and  the  Department  of  Agriculture  for  Scotland.  The 
Agricultural  Research  Council  deals  with  the  work  of  the 
agricultural  institutes,  of  which  there  are  22,  dealing  with 
soil  research,  plant  and  animal  nutrition  and  breeding,  and 
physiology  and  pathology.  The  most  famous  of  these  in¬ 
stitutes  is  the  Rothamsted  Experimental  Station,  which 
arose  from  the  field  experiments  started  in  1843  by  a  private 
farmer,  John  Lawes,  who  bore  the  cost  of  the  work  for  nearly 
60  years  and  in  1889  endowed  a  trust  fund  to  carry  it  on. 
Lawes  and  his  assistant.  J.  H.  Gilbert,  made  such  progress  in 


Government  Laboratories 


75 


the  study  of  soil  chemistry  and  plant  nutrition  that  much  of 
the  world’s  practical  knowledge  of  the  subject  is  due  to  them. 
After  their  deaths,  they  were  succeeded  by  A.  D.  Hall,  and 
funds  were  made  available  from  the  farming  community  and 
the  government,  especially  after  the  First  World  War,  with 
its  stimulus  to  British  agriculture.  By  1941  Rothamsted  had 
become  a  large  research  station  with  an  annual  expenditure 
of  about  $200,000.  On  the  whole,  however,  the  support  of 
agricultural  research  in  Great  Britain  is  greatly  inferior  to 
that  in  the  United  States. 

The  Medical  Research  Council  is  a  separate  section  of 
the  government  organization  of  scientific  research  in  Great 
Britain,  responsible,  like  the  Agricultural  Research  Council 
and  the  Department  of  Scientific  and  Industrial  Research,  to 
the  committees  of  the  Privy  Council.  The  Council  main¬ 
tains  the  Institute  of  Medical  Research,  mainly  devoted  to 
the  problems  of  bacteriology,  biochemistry,  chemotherapy, 
physiology,  and  nutrition  as  well  as  to  the  preparation  and 
maintenance  of  biological  standards.  Most  of  the  work  of  the 
Council,  however,  is  done  by  research  units  attached  to  uni¬ 
versities  and  hospitals,  and  there  are  about  30  such  units 
covering  the  whole  field  of  academic  and  clinical  medical 
research.  The  Medical  Research  Council  also  supports  inde¬ 
pendent  workers  and  operates  an  industrial  health  board  to 
conduct  research  on  industrial  problems  involving  medical 
aspects. 

The  whole  question  of  the  position  of  scientists  in  the 
government  service  has  been  considered  at  length  by  the 
British  government,  which  has  published  a  white  paper  on 
the  Scientific  Civil  Service.  The  scientists  in  the  employ  of  the 
government  are  now  classified  in  three  separate  but  interde¬ 
pendent  classes.  The  scientific  officer  class  is  the  senior  class, 
t  is  recruited  in  the  main  from  university  graduates  who 
ave  taken  high  honors,  and  on  recruitment  the  scientific 
officer  receives  a  scale  of  pay  equal  to  that  of  the  junior 
administrative  grade  of  the  Civil  Service,  whereas  the  prin- 
ipa  scientific  officers  have  the  same  pay  as  that  of  the  ad- 
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ininistrative  principals.  This  class  is  necessarily  the  class 
from  which  will  be  drawn  the  initiating,  directing,  and  inven¬ 
tive  brain  of  the  Scientific  Service.  The  chief  support  of  the 
scientific  officer  class  is  the  experimental  officer  class  re¬ 
cruited  from  less  experienced  and  less  trained  students.  The 
experimental  officers  work  under  the  general  guidance  of  the 
scientific  officers.  The  third  class  is  known  as  the  assistant 
scientific  class  and  forms  the  group  of  technologists  who  sup¬ 
ply  the  man  power  for  experimental  work.  The  total  staff 
employed  numbers  many  thousands.  There  are  about  3,000 
members  of  the  scientific  officer  class  alone,  with  double  the 
number  in  the  experimental  officer  class.  Most  of  these 
workers  are  in  the  defense  departments — the  Admiralty  and 


the  Ministry  of  Supply — though  the  whole  staff  of  the  De¬ 
partment  of  Scientific  and  Industrial  Research  belongs  to 
the  Scientific  Civil  Service.  The  success  of  the  British  system 
of  government-operated  research  work  depends  upon  the 
organization  of  this  scientific  personnel  as  an  integial  pait 
of  the  British  Civil  Service.  Scientific  men  are  new  in  the 
Civil  Service,  and  their  introduction  has  involved  problems 
both  in  Great  Britain  and  in  the  United  States.  The  British 
have  studied  the  subject  and  have  published  a  preliminary 

analysis  and  set  of  proposals. 

The  general  pattern  of  research  in  the  British  Common¬ 
wealth  has  followed  that  of  the  mother  country.  In  almost  all 
cases,  the  initiative  in  industrial  research  has  been  left  to  the 
governments,  and  the  financial  provision  has  been  of  the  scan¬ 
tiest.  Some  coordination  has  been  supplied  by  the  Imperial  In¬ 
stitute  in  London,  which  was  founded  in  18S7  and  transferred 
to  the  government  in  1902.  The  Institute,  whose  function  is 
the  encouragement  of  trade  and  industry  throughout  t  c 
Empire,  is  operating  in  close  connection  with  the  Depart¬ 
ment  of  Scientific  and  Industrial  Research. 

The  vast  variety  of  problems  of  the  British  Colonial  Em¬ 
pire  requires  research  and  development  work  on  a  large 
scale.  Under  the  Colonial  Development  and  \\  elfare  Acts  o 
1940  and  1945,  a  sum  of  £1,000,000  a  year  was  made  avail- 
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able  for  research  and  investigation  on  behalf  of  the  Colonial 
Empire.  A  Colonial  Research  Committee  was  established, 
which  was  linked  by  its  membership  to  the  research  councils, 
and  it  has  been  constituted  as  a  permanent  Colonial  Re¬ 
search  Council  linked  to  a  number  of  specialist  committees. 

Recently,  there  has  been  a  tendency  to  organize  research 
in  backward  areas  as  far  as  possible  on  a  regional  rather  than 
on  a  political  basis.  Thus  the  Research  Council  of  the  Carib¬ 
bean  Commission  has  representatives  not  only  of  the  British 
West  Indies  but  of  the  United  States,  Dutch,  and  French 
countries  in  that  area,  and  similar  schemes  are  projected  for 
the  southwest  Pacific  and  possibly  for  Africa  south  of  the 
Sahara. 

An  example  of  the  method  used  in  administering  research 
in  the  Colonial  Empire  is  offered  by  the  organization  of 
research  in  East  Africa.4  East  Africa  comprises  three  con¬ 
tiguous  territories — Kenya,  Tanganyika,  and  Uganda — as 
well  as  the  protectorate  of  Zanzibar.  Since  April,  1948,  there 
has  existed  a  form  of  regional  government,  the  East  Africa 
High  Commission,  having  a  scientific  secretary  whose  duties 
are  especially  concerned  with  the  operation  of  the  scientific 
work  of  the  territory.  Five  interterritorial  research  organiza¬ 
tions  are  being  established,  which  are  concerned  with  agri¬ 
culture  and  forestry,  veterinary  science  and  animal  hus¬ 
bandry,  tsetse  flies  and  trypanosomiasis,  fisheries,  and  scien¬ 
tific  and  industrial  research.  In  addition,  research  is  being- 
arranged  direct  from  the  Colonial  Office  on  subjects  of  social 
importance,  such  as  health  and  education,  and  some  studies 
of  a  long-range  character  are  being  carried  through  by  the 
Makerere  College  in  Uganda,  wThich  will  probably  become 
the  University  of  East  Africa.  The  research  organizations 
are  not  research  institutes,  since  the  work  is  distributed 
throughout  East  Africa  and  not  concentrated  in  one  place, 
but  in  each  case  a  headquarters  is  being  established  in  a  con¬ 
venient  place.  Thus  the  Division  of  Agriculture  and  For- 
5r)^^t8hmgt0Ilj  E-  B  >  Research  Services  in  East  Africa,  Nature,  162: 
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estry  has  its  headquarters  about  15  miles  from  Nairobi  but 
will  absorb  the  existing  staff  and  facilities  of  the  agricultural 
research  station  at  Amani  in  Tanganyika.  An  initial  capital 
expenditure  of  about  $1,000,000  is  being  made  available  for 
this  research  organization,  with  an  average  recurrent  expen¬ 
diture  of  about  $250,000  a  year  for  the  first  5  years.  Each  of 
the  other  divisions,  with  the  exception  of  Fisheries,  is  ex¬ 
pected  to  cost  about  the  same  amount.  The  Fisheries  organi¬ 
zation  is  at  present  quite  small,  dealing  only  with  the  lakes 
and  rivers.  Besides  these  main  organizations,  meteorology, 
hydrology,  geology,  zoology,  and  archaeology,  as  well  as  sta¬ 
tistical  and  economic  control,  are  being  dealt  with  by  their 
appropriate  departments. 

In  Canada,  a  National  Research  Council  was  founded  in 
1916  to  assist  the  government  in  the  prosecution  of  the  First 
World  War.  After  the  war,  it  was  continued  to  assist  in  the 
national  organization  of  scientific  work  for  industry  as  well 
as  for  defense.  Much  of  the  operation  of  the  Council  is 
through  associate  committees,  and  recently  the  extension  of 
the  work  of  these  committees  has  necessitated  their  reorgan¬ 
ization  as  divisions  of  the  Council.  Thus  the  Associate  Com¬ 
mittee  on  Medical  Research  has  been  reorganized  as  the 
Division  of  Medical  Research  with  a  full-time  director  and 
assistant  director  and  an  advisory  committee.  The  research 
divisions  of  the  Council  are  as  follows: 

1.  Division  of  Applied  Biology 

2.  Division  of  Chemistry 

a.  Fundamental  Chemistry 

b.  Chemical  Engineering 

3.  Division  of  Mechanical  Engineering 

4.  Division  of  Physics  and  Electrical  Engineering 

5.  Division  of  Medical  Research 

The  Canadian  atomic-energy  project  is  operated  under 
the  general  direction  of  a  vice-president  of  the  National  Re¬ 
search  Council.  The  Division  of  Applied  Biology  covers  the 
chemistry  of  agricultural  products,  plant  science,  food  chem- 
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istry,  and  statistics  and  operates  the  newly  established  prai¬ 
rie  regional  laboratory  on  the  campus  of  the  University  of 
Saskatchewan.  The  Fundamental  Chemistry  Branch  of  the 
Division  of  Chemistry  covers  the  usual  fields  of  chemistry 
and  at  the  present  time  is  doing  some  special  work  in  re¬ 
search  on  the  structure  of  alkaloids.  The  explosives  testing 
laboratory  is  operated  jointly  by  the  Department  of  Mines 
and  the  National  Research  Council.  For  the  Division  of 
Mechanical  Engineering  a  new  engineering  laboratory  has 
recently  been  opened.  There  are  important  laboiatoiies  defil¬ 
ing  with  aerodynamics,  instruments,  structures,  fire  hazaid, 
and  low  temperatures.  The  Division  of  Physics  has  labora¬ 
tories  for  acoustics,  electrical  measurements,  general  physics, 
heat,  metrology,  optics,  and  radiology.  It  also  includes  a 
branch  of  electrical  engineering  and  radio,  in  which  much 


work  on  radio  as  applied  to  navigation  has  been  done.  The 
total  staff  under  the  control  of  the  National  Research  Coun¬ 
cil  is  over  2,000,  half  of  whom  are  in  the  atomic-energy 
project. 

In  Australia  and  New  Zealand  action  was  taken  in  1911 
to  establish  advisory  councils  for  science  and  industry.  In 
1921  the  Australian  National  Research  Council  was  formed, 
and  a  research  station  was  opened  at  Sydney.  The  Austra¬ 
lian  Commonwealth  Council  for  Scientific  and  Industrial 
Research  now  operates  along  the  same  lines  as  the  British 
Department.  By  1943  its  annual  expenditure  had  exceeded 
$1,500,000.  The  greater  part  of  this  expenditure  is  in  rela¬ 
tion  to  natural  resources — agriculture,  forest  products,  and 
fisheries.  Research  associations  for  industry  are  planned,  but 
the  wool  industry  is,  up  to  the  present,  the  only  one  to  organ¬ 
ize  research  on  a  considerable  scale.  In  New  Zealand  a  num¬ 
ber  of  research  associations  have  been  formed;  Wheat  Re¬ 
search,  Tanners’  Research,  and  Fuel  Research  Associations 
are  in  operation. 


In  India  the  Research  Institute  at  Bangalore  was  estab¬ 
lished  in  1905,  the  necessary  funds  being  provided  by  a  gift 
from  the  Tata  family,  who  operate  the  greatest  steel  com- 
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pany  in  India.  Whereas  it  was  intended  that  this  Institute 
should  carry  out  some  industrial  research,  its  work  was  actu¬ 
ally  chiefly  in  the  field  of  fundamental  chemistry  and  phys¬ 
ics,  and  its  effect  upon  technology  in  India  was  not  very  sig¬ 
nificant.  The  research  associations  in  India  are  not  part  of  a 
centralized  scheme  but  have  been  formed  by  the  trades 
themselves,  especially  those  dealing  in  specific  commodities. 
They  are  usually  financed  by  a  duty  levied  on  the  commod¬ 
ity  at  some  stage  in  its  production.  Thus  a  small  duty  on 
each  bale  of  cotton  produced  supplies  funds  for  a  technical 
laboratory  and  for  a  cotton  agricultural  research  and  breed¬ 
ing  institute,  these  being  under  the  control  of  a  committee 
of  the  cotton  trade.  Similar  arrangements  are  in  effect  for 
other  commodities — sugar,  jute,  vegetable  oils,  tobacco,  and 
so  on.  In  1942  an  Administrative  Central  Council  of  Scien¬ 
tific  and  Industrial  Research  was  formed  with  functions  sim¬ 
ilar  to  those  of  the  British  Department  of  Scientific  Indus¬ 
trial  Research.  This  Council  has  now  embarked  upon  a  plan 
for  the  establishment  of  five  national  laboratories  and  re¬ 
search  institutions,  a  national  physical  laboratory,  a  national 
chemical  laboratory,  a  national  metallurgical  laboratory,  a 
central  glass  and  ceramic  institute,  and  a  fuel  research  insti¬ 
tute.  The  addition  of  two  more  institutes  is  under  way — 
one  for  road  research  and  one  for  civil  engineering.  The  esti¬ 
mated  annual  cost  of  the  physical  and  chemical  laboratories 
is  $300,000  each,  which  is  expected,  under  Indian  conditions, 
to  allow  for  a  scientific  staff  of  approximately  100.  It  will  be 
very  interesting  to  follow  the  operation  of  this  scheme  for 
national  research.  The  formation  of  specific  institutes  with 
cooperation  between  them — each  institute  having  responsi¬ 
bility  for  a  field  of  research — is  the  basic  principle  adopted 
from  the  experience  of  other  countries.  As  Sir  Shanti  Bhat- 
nagar,  Director  of  Scientific  and  Industrial  Research,  says:  5 

One  aspect  of  fundamental  research  work  which  can  scarcely 
be  neglected  in  India  is  that  which  requires  specialized  large-scale 

5  Bhatnagar,  Sir  Shanti,  National  Research  Laboratories  of  India, 
Nature,  159:183,  1947. 
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laboratories.  During  recent  years,  and  particularly  during  the 
Second  World  War,  organization  of  scientific  work  has  undergone 
vast  changes.  Not  only  does  some  of  the  present  type  of  work 
require  large-scale  specialized  organizations  well  outside  the  scopt 
s^f  university  work,  but  also  expenditure  of  money  running  into 
millions  which  can  only  be  justified  if  diversified,  co-ordinated 
and  regulated  application  and  professional  continuity  of  work  aie 
guaranteed.  This  is  not  usually  possible  in  the  universities,  where 
teaching  and  research  necessarily  go  hand  in  hand  and  are  essen¬ 
tially  preparatory.  Fundamental  research  is  fast  becoming  a  huge 
organized  industry  in  itself,  and  must  be  planned  as  such. 

Before  the  Second  World  War,  Germany  had  by  far  the 
most  highly  organized  system  of  scientific  research.  It  was 
based  upon  the  work  of  the  universities,  which  were  ex¬ 
tremely  active  in  research  of  all  kinds,  in  the  humanities  as 
in  the  sciences.  The  Privat-dozent  system  provided  a  group 
of  scholars  who,  having  obtained  their  doctorates,  received 
unsalaried  licenses  to  teach,  offered  lecture  courses,  and  at¬ 
tached  themselves  to  laboratories  or  libraries  with  the  pur¬ 
pose  of  advancing  knowledge.  From  these  docents  came  the 
professors  of  the  universities  and  the  research  workers  of 
industry.  Their  entrance  into  industry  supplied  the  techni¬ 
cally  trained  administrative  staff  that  distinguished  German 
industry. 

In  1870,  when  Germany  was  unified  as  the  Deutsches 
Reich,  after  the  Franco-Prussian  War,  the  German  govern¬ 
ment  decided  that  the  maintenance  of  standards  of  length, 
time,  and  mass,  standards  of  quality,  specifications  of  ma¬ 
terials,  standards  of  performance,  and  the  determination  of 
physical  constants,  which  are  required  for  the  commerce  of 
the  nation,  should  be  undertaken  by  a  laboratory  having  the 
authority  given  by  government  sanction,  and  thus  the  Phy- 
sikalische  Technische  Reichsanstalt  was  established.  The 
success  of  the  Reichsanstalt  encouraged  the  formation  of  the 
National  Physical  Laboratory  in  England  and  the  Labora- 
toire  Central  d’Electricite  in  France,  and  in  1875  nineteen 
countries,  including  the  United  States,  combined  to  organize 
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and  support  the  Bureau  International  des  Poids  et  des  Me- 
sures  at  Sevres,  France,  for  the  maintenance  of  the  primary 
physical  standards  of  the  world. 

In  1911,  von  Harnack  interested  Kaiser  Wilhelm  II  in  the 
organization  of  a  society  for  the  advancement  of  scientific 
research.  This  became  the  Kaiser  Wilhelm  Gesellschaft,  sup¬ 
ported  by  the  government  and  private  industry.  In  1937  it 
maintained  a  group  of  37  research  institutes,  which  dealt 
with  physics  chemistry,  biology,  medicine,  history,  law,  and 
the  humanities.  The  society,  indeed,  under  von  Harnack’s 
leadership  took  all  knowledge  for  its  province.  Its  activities 
ranged  from  a  library  of  art  in  Rome  to  an  institute  for 
research  on  Silesian  coal  in  Breslau.  The  total  staff  of  the 
institutes  in  193/  numbered  about  1,100,  of  which  300  were 
engaged  in  research  on  chemistry.  Many  advances  in  science 
have  come  from  the  institutes  of  the  Kaiser  Wilhelm  Gesell¬ 
schaft:  Willstatter’s  work  in  organic  chemistry,  Hahn’s  on 
radioactivity,  work  on  polypeptides  and  enzymes,  on  the 
oxidation  processes  of  the  blood,  and  on  the  physiology  of 
muscular  contraction  are  but  a  few  of  many.  When  the 
National  Socialist  party  took  power  in  Germany,  the  Gesell¬ 
schaft  was  reorganized  under  the  Fiihrer-Prinzip  and  even¬ 
tually  came  completely  under  the  control  of  the  govern¬ 
ment.  It  did  not  emerge  as  the  leader  of  German  science 
during  the  war. 

Since  the  Second  World  War,  scientific  research  in  Ger¬ 
many  has  been  reorganized,  but  it  is  impossible  to  discuss 
that  reorganization  in  detail  in  this  book.  To  do  so  would 
require  a  volume  devoted  to  the  subject.  In  the  same  way, 
the  reorganization  of  government  and  industrial  research  in 
a  number  of  European  countries  must  be  omitted.  In  France, 
there  has  been  a  tendency  toward  centralization  parallel  to 
that  which  has  obtained  in  England.  Sweden,  Switzerland, 
Holland,  and  Czechoslovakia  have  been  very  active  in  the 
application  of  science  to  their  postwar  problems. 

In  the  USSR  the  conduct  of  scientific  research  is  a  state 
function  directly  allied  to  the  operation  of  the  industries 
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that  it  serves.6  The  direction  of  scientific  work  was  organ¬ 


ized  in  a  great  group  of  research  institutes  distributed 
throughout  the  land  and  controlled,  in  the  last  instance,  by 
the  members  of  the  Academy  of  Sciences.  The  Academy  was 
founded  by  Peter  the  Great  in  1724.  Formerly  in  Leningrad, 
its  headquarters  are  now  in  Moscow.  There  are  about  90 
academicians.  In  general,  each  group  of  institutes  is  oper¬ 
ated  by  a  special  committee  whose  chairman  is  a  member  of 
the  Academy.  Thus  in  agricultural  science  a  professor  of  the 
Academy  is  the  president  of  the  Academy  of  Agricultural 
Science,  which  includes  altogether  30  members  of  the  Acad¬ 
emy  of  Sciences.  Under  this  operating  committee  there  are 
throughout  the  USSR  more  than  300  institutes  of  various 
sizes  containing,  as  a  whole,  about  10,000  scientists  and,  in 
addition,  about  8,000  general  assistants  and  field  and  labora¬ 
tory  workers.  The  administrative  control  of  the  system  is 
operated  separately  from  the  direction  of  the  scientific  work. 


Groups  of  institutes  in  all  fields  of  science  exist  in  the 
USSR.  A  very  large  organization  deals  with  physics  and  is 
chiefly  supported  through  a  division  of  the  government  Com- 
missariat  of  Heavy  Industry  known  as  the  Scientific  Re¬ 
search  Sector.  Institutes  operated  by  it  include  the  Physico- 
Technical  Institute  in  Leningrad,  directed  by  Professor 
Joffe;  the  Institute  of  Chemical  Physics  in  Leningrad;  the 
Optical  Institute  of  Leningrad;  the  Karpov  Institute  of 
Physical  Chemistry  in  Moscow;  and  the  Physico-Technical 
Institute  of  Kharkov.  That  in  Russia,  as  elsewhere,  insti¬ 
tutes  are  developed  to  suit  the  idiosyncrasies  of  individual 
scientists  is  shown  by  the  example  of  the  Institute  of  Physi- 
cal  Problems.'  This  Institute  was  organized  by  P.  L.  Kapitza 
under  the  control  of  the  Academy  to  study  problems 


6  No  information  seems  to  be  available  as  to  developments  in  the  or 
gamzat'on  of  research  in  the  USSR  since  the  Second  World  War  Before 
the  war  a  good  deal  was  published,  notably  by  J  G  Crow  flier  “q  •  * 
Science,"  Kegan  Paul,  Trench,  Triibncr  *  L.f  London  S  ’  ^ 
A  very  interesting  report  on  the  work  of  this  institute  bv  P  T  K, 
P  a  18  Published  m  English  in  Voks  Bulletin,  22  (Nos.  9-10)  1943 
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of  theoretical  physics,  especially  those  relating  to  the  use  of 
low  temperatures  and  strong  magnetic  fields.  In  his  account 
of  its  organization,  Kapitza  emphasizes  his  use  of  a  rela¬ 
tively  small  staff  and  his  practice  of  following  personally  the 
work  in  the  laboratory. 


Chapter  V 


Associations  for  Industrial  Research 


There  are  three  forms  of  cooperative  laboratories: 

1.  Consulting  research  laboratories  maintained  as 
private  ventures  and  carrying  on  research  work  at 
fixed  rates  or  on  a  percentage  basis. 

2.  Cooperative  laboratories  supported  by  a  group  of  man¬ 
ufacturing  firms  interested  in  a  common  industry,  the  finan¬ 
cial  arrangements  being  made  through  a  trade  association, 
either  preexistent  or  formed  for  the  purpose. 

3.  Technological  research  institutes  maintained  by  an 
independent  body  such  as  a  university  but  in  which  the 
research  work  itself  is  financed  by  industrial  firms  to  whom 
belong  the  results  obtained,  this  financing  usually  taking  the 
form  of  industrial  fellowships  founded  for  specific  investiga¬ 
tions.  These  technological  research  institutes  are  discussed 
in  Chap.  VI. 

Of  the  types  of  cooperative  laboratories  operated  outside 
the  organization  of  the  business  for  whom  the  work  is  done, 
the  consulting  research  laboratories  are  the  oldest.  The  evo¬ 
lution  of  systems  for  carrying  on  industrial  research  in  con¬ 
sulting  laboratories  has  been  more  or  less  continuous  and 
has  been  paced  by  the  growth  of-  laboratories  operated  di¬ 
rectly  by  industrial  concerns.  With  the  expansion  of  private 
laboratories  in  industry,  the  types  of  technical  work  referred 
to  consulting  laboratories  have  changed  to  some  extent  and 
the  latter  have  had  to  adapt  their  facilities  and  interests  to 
serve  companies  which  have  no  research  laboratories  of  their 
own,  as  well  as  those  which  have  adequate  facilities  for 
doing  their  own  technical  work. 

The  total  gross  income  of  the  private  consulting  labora- 
nes  is  probably  at  the  present  time  about  the  same  as  that 
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of  the  technological  research  institutes.  Their  part  in  the 
industrial  research  activities  in  the  United  States  can  per¬ 
haps  be  judged  from  the  report  by  the  National  Association 
of  Manufacturers  on  “Trends  in  Industrial  Research  and 
Patent  Practices/’ 1  It  is  stated  that  40  per  cent  of  a  large 
number  of  industrial  concerns  which  have  their  own  re¬ 
search  facilities  also  use,  in  order  of  preference,  private  re¬ 
search  laboratories  or  consulting  firms,  institutional  labora¬ 
tories  or  research  foundations,  university  fellowships,  re¬ 
search  facilities  of  trade  associations,  and  governmental 
laboratories.  Of  the  companies  which  do  not  have  their  own 
research  laboratories,  27  per  cent  use  private  research  labo¬ 
ratories  or  consulting  firms;  the  others  employ  trade  associ¬ 
ations,  institutional  laboratories  or  research  foundations,  or 
governmental  laboratories.  It  would  appear,  therefore,  that 
companies  which  have  their  own  research  facilities  and  wish 
to  employ  outside  technical  assistance  prefer  in  many  cases 
to  use  private  consulting  laboratories,  whereas  companies 
which  do  not  have  their  own  research  facilities  use  such  con¬ 
sulting  firms  as  frequently  as  any  of  the  other  extracompany 
agencies.  An  extensive  survey  made  by  the  Evans  Research 
and  Development  Corporation  on  the  research  requirements 
of  American  industry  2  reveals  that  almost  half  of  the  indus¬ 
trial  concerns  questioned  had  at  some  time  made  use  of 
independent  research  laboratories  for  one  reason  or  other. 

Among  the  many  well-established  consulting  laboratories 
in  the  United  States  are  the  following:  Arthur  D.  Little, 
Inc.  (Boston),  Foster  D.  Snell,  Inc.  (Brooklyn),  Miner  Labo¬ 
ratories  (Chicago),  Evans  Research  and  Development  Cor¬ 
poration  (New  York),  National  Research  Corporation 
(Boston),  Frederick  S.  Bacon  (Watertown,  Mass.),  Dorr 
Company,  Inc  (New  York),  Comstock  and  Wescott,  Inc. 
(Cambridge)  and  Gustavus  J.  Esselen,  Inc.  (Boston).  Con¬ 
sulting  laboratories  are  situated  in  most  of  the  larger  indus- 

1  National  Association  of  Manufacturers,  New  York,  1948. 

2  “Report  on  the  Research  Requirements  of  American  Industry,” 
Evans  Research  and  Development  Corporation.  New  York,  1947. 
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trial  centers  and  are  especially  well  established  in  the  Bos¬ 
ton,  New  York,  and  Chicago  areas. 

Two  types  of  problems  or  programs  are  referred  to  private 
consulting  laboratories.  In  the  first  category  are  fairly  spe¬ 
cific  problems  with  definite  and  limited  objectives.  In  the 
second  category  are  relatively  broad  problems  or  programs 
in  which  the  consulting  laboratory  confines  itself  to  a  certain 
area  of  technical  development  and  more  or  less  determines 
the  general  course  of  the  investigations  within  the  prescribed 
area.  Only  a  relatively  small  number  of  private  consulting 
laboratories  are  equipped  to  undertake  the  latter  type  of 
program,  and  very  few  can  do  such  work  in  several  different 
fields  of  investigation. 

It  appears  that  small  industrial  concerns  prefer  to  rely 
upon  individual  consultants,  but  some  do  use  consulting 
laboratories.  These  small  companies  usually  request  work  on 
specific  projects  which  arise  from  competition.  It  is  the 
exception  for  them  to  turn  over  to  a  consulting  firm  the 
responsibility  for  their  entire  technical  program. 

The  problems  referred  to  private  consulting  laboratories 
by  industrial  concerns  who  carry  on  their  own  research  pro¬ 
grams  are  usually  the  peripheral  type  on  the  border  line  of 
the  company’s  activities  in  fields  outside  of  those  in  which 
the  company  has  expert  knowledge.  This  exploratory  work 
is  sometimes  undertaken  in  order  to  provide  the  basis  for  a 
decision  as  to  whether  the  company  will  initiate  a  research 
program  in  its  own  laboratory. 


The  evolution  of  the  large  private  consulting  laboratory 
appears  to  follow  a  pattern  which  starts  with  the  individual 
expert  consulting  in  his  own  field.  He  next  associates  him¬ 
self  with  one  or  more  partners  who  have  special  knowledge 
m  other  fields.  This  small  group  then  undertakes  experimen¬ 
tal  work  in  a  small  laboratory  which,  by  a  process  of  broad¬ 
ening  its  interests,  grows  to  a  point  where  it  can  handle 
diverse  types  of  problems.  Many  of  the  private  consulting 
laboratones  do  not  grow  beyond  the  point  where  they  can 
handle  problems  in  more  than  one  or,  at  most,  several  tech- 
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nological  fields.  A  few,  however,  have  restricted  their  inter¬ 
ests  to  a  specialized  field  and  yet  have  become  relatively 
large.  Arthur  D.  Little,  Inc.,  probably  represents  the  highest 
point  reached  in  the  United  States  in  the  evolution  of  the 
nonspecializing  large  consulting  laboratory.  Because  of  this, 
it  is  described  in  some  detail. 

Arthur  D.  Little,  Inc.,  started  research  and  development 
work  in  1886.  Its  growth  has  paralleled  almost  exactly  the 
growth  curve  of  industrial  research  in  the  United  States. 
Although  in  its  early  stages  its  work  was  fairly  specialized  in 
several  fields  its  trends  since  about  1930  have  been  toward 
scientific  investigation  on  a  broad  basis.  This  broadening 
has  resulted  from  the  recognition  that  the  private  industrial 
laboratories  have  become  increasingly  expert  in  their  own 
fields  of  interest  and  do  not  in  general  seek  such  expert 
knowledge  outside  of  their  own  laboratories.  With  several 
exceptions,  the  work  at  present  is  divided  among  industries 
in  approximately  the  same  ratio  as  that  for  industrial  re¬ 
search  as  a  whole  in  the  United  States. 

The  industrial  clients  vary  greatly  in  size  and  include 
some  of  the  very  large  concerns  in  the  United  States.  In 
addition  to  experimental  research  and  development,  Arthur 
D.  Little,  Inc.,  carries  out  market  research  and  technical 
development  service  for  clients  and  sometimes  acts  in  an 
advisory  capacity  to  the  management  of  private  companies 
in  connection  with  the  potentialities  of  new  products  and 
processes.  Arthur  D.  Little,  Inc.,  in  most  cases  serves  as  a 
consulting  laboratory  for  an  industrial  company  rather  than 
as  a  consultant  on  a  particular  problem  or  project.  The  labo¬ 
ratory  usually  assumes  the  responsibility  for  carrying  out  its 
work  in  an  assigned  field  in  its  own  way  and,  within  this 
defined  field,  may  generate  related  problems  and  ideas  which 
are  brought  to  the  attention  of  the  sponsoring  company. 
The  individual  scientists  or  engineers  in  charge  of  proj¬ 
ects  frequently  visit  the  sponsoring  company  to  discuss 
the  technical  work  and  to  study  operational  problems  re¬ 
lated  to  it. 
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The  large  majority  of  the  industrial  clients  of  Arthur  D. 
Little,  Inc.,  have  their  own  research  laboratories,  and  they 
do  not  in  general  ask  for  assistance  in  connection  with  work 
which  they  are  able  to  carry  on  themselves;  in  fact,  the  con¬ 
sulting  firm  ordinarily  will  not  undertake  a  problem  which 
the  client  can  carry  on  within  its  own  organization.  Usually 
work  is  referred  to  the  laboratory  by  company  management, 
but  after  the  initial  arrangements  have  been  settled,  the 
person  in  the  sponsoring  company  who  is  responsible  for  its 
technical  program  carries  on  the  contacts.  The  problems 
referred  to  the  laboratory  are  usually  not  too  well  defined, 
but  this  varies  with  the  technical  background  and  the  re¬ 
search  program  of  the  client.  One  of  the  jobs  which  Arthur 
D.  Little,  Inc.,  is  asked  to  do  is  to  define  industrial  research 
problems. 

The  patent  rights  to  inventions  arising  out  of  experimen¬ 
tal  work  are  assigned  to  the  sponsoring  company.  Contracts 
are  on  a  short-term  basis  with  a  cancellation  clause  applying 
to  both  parties.  In  a  few  cases  there  is  an  annual  retaining 
arrangement,  and  work  done  is  charged  against  the  retaining 
fee. 

The  laboratory  of  Arthur  D.  Little,  Inc.,  is  organized  on 
the  basis  of  minimum  line  responsibility.  There  are  depart¬ 
ments  based  on  field  of  science,  and  individuals  are  selected 
from  these  to  work  on  the  various  projects.  A  project  leader 
is  chosen  for  each  project,  and  he  reports  to  the  executive  in 
charge  of  research  or  to  some  person  delegated  by  him.  This 

pioject  leader  then  works  closely  with  the  sponsoring  com¬ 
pany. 


.  When  an  experimental  development  is  ready  for  commer¬ 
cial  application,  the  project  leader  does  what  is  necessary  to 
carry  the  development  into  production;  beyond  this  stage 
he  follows  the  progress  of  the  operation  and  offers  whatever 
assistance  he  can  in  case  of  manufacturing  troubles. 

If  requested  to  do  so,  many  consulting  firms  advise  man- 

™  r  Whe\a  pr0cess  is  ready  for  commercialization. 
Usually,  however,  the  company  management  makes  its  own 
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decision  on  the  basis  of  facts  presented  to  them  by  the  con¬ 
sultant. 

The  conduct  of  research  by  trade  associations,  which  is  so 
great  a  factor  in  the  industrial  research  of  Great  Britain,  is 
on  a  comparatively  small  scale  in  the  United  States. 

A  survey  made  by  Gustav  E.  Larson  of  the  research  work 
done  by  associations  of  manufacturers  in  the  United  States 
was  published  by  the  U.S.  Department  of  Commerce  in  1948. 
According  to  the  survey,  about  30  associations  maintain 
laboratories  for  research  and  testing  and  employ  750  to 
1,000  scientific  and  laboratory  workers.  The  Underwriters 
Laboratories,  formed  by  the  National  Board  of  Fire  Under¬ 
writers,  employs  171  persons  in  Chicago,  New  York,  and  San 
Francisco,  primarily  on  the  testing  of  all  forms  of  devices, 
especially  electrical  apparatus,  which  may  affect  the  risk  of 
fire  or  accident.  The  American  Gas  Association  has  a  staff 
of  120.  Its  headquarters  in  Cleveland  are  engaged  in  research 
on  the  gas  industry  and  the  testing  of  gas-burning  equip¬ 
ment.  Other  associations  maintaining  relatively  large  labo¬ 
ratory  staffs  are  Portland  Cement  Association,  60;  American 
Meat  Institute,  31;  American  Institute  of  Laundering,  30; 
the  Tanners’  Council  Laboratories,  25. 

One  of  the  first  and  most  successful  trade-association  re¬ 
search  laboratories  is  that  of  the  National  Canners’  Associa¬ 
tion  founded  in  1913.  The  Association  maintains  a  central 
laboratory  in  Washington,  D.C.,  and  branch  laboratories  in 
the  main  canning  areas.  The  great  expansion  of  the  canning 
industry  is  undoubtedly  due  in  part  to  the  work  of  this  labo¬ 
ratory.  Another  typical  example  is  that  of  the  National 
Paint,  Varnish,  and  Lacquer  Association,  which  has  its  offices 
and  laboratories  in  Washington,  D.C. 

The  Institute  of  Paper  Chemistry  was  organized  by  a 
group  of  Wisconsin  pulp-  and  paper-mill  officials,  not  only 
to  carry  on  research,  but  also  to  train  technical  men  for  work 
in  the  pulp  and  paper  industry.  Its  headquarters  are  at 
Appleton,  Wis.,  in  association  with  Lawrence  College.  The 
Institute  is  now  supported  by  companies  representing  more 
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than  70  per  cent  of  the  United  States’  production  of  pulp, 
paper,  and  paperboard.  Its  staff  exceeds  150,  and  it  has  pub¬ 
lished  more  than  300  scientific  papers  and  taken  out  over 
200  patents.  The  success  of  this  research  association  in  its 
own  field  is  outstanding. 

The  textile  industry,  in  spite  of  its  great  size,  has  neg¬ 
lected  systematic  scientific  research,  and  the  little  research 
done  has  been  carried  on  by  small  units  and  with  little  co¬ 
operation.  Recently,  vigorous  steps  have  been  taken  to  im¬ 
prove  the  situation  by  concentrating  fundamental  long- 
range  research  in  the  Textile  Research  Institute  with  a 
laboratory  at  Princeton,  N.J.  In  addition  to  the  research 
that  it  carries  out,  the  Institute  cooperates  with  Princeton 
University  in  the  training  of  technical  men  for  the  industry 
and  in  the  publication  (in  the  Textile  Research  Journal ) 
and  dissemination  of  technical  information. 

In  addition  to  the  work  done  in  their  own  laboratories, 
trade  associations  often  support  work  in  government  labora¬ 
tories,  at  universities,  or  in  technological  research  institutes. 
In  1946,  thirty-five  associations  were  sponsoring  research 
work  in  this  way,  some  of  them  on  a  very  large  scale.  Thus 
in  that  year  the  American  Gas  Association  spent  a  total  of 
$605,000,  only  part  of  which  was  expended  in  its  own  testing 
laboratory.  The  American  Petroleum  Institute  spent  over 
$200,000  on  research  in  a  number  of  universities.  The  Bitu¬ 
minous  Coal  Research,  Inc.,  spent  $1,000,000;  one  of  the 
large  projects  involved  the  development  of  a  coal-gas-burn¬ 
ing  turbine  for  use  in  locomotives.  The  Sugar  Research 
Foundation  has  spent  over  $700,000  in  5  years  on  grants- 
in-aid  for  research  not  related  to  sugar  production  but 
directed  toward  studies  from  which  new  uses  of  sugar  may 
develop. 

There  exist  a  number  of  research  institutes  not  supported 
by  trade  associations  but  serving  specific  industries.  The 
Institute  of  Paper  Chemistry  has  a  staff  of  more  than  200. 
The  Institute  of  Textile  Technology  is  supported  by  the  tex¬ 
tile  industry,  with  a  staff  of  about  100;  the  Institute  of  Gas 
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Technology  and  the  Plywood  Research  Foundation  are  on  a 
smaller  scale. 

The  development  of  industrial  research  in  Great  Britain 
unquestionably  lagged  behind  that  of  Germany  or  the 
United  States.  At  the  beginning  of  the  twentieth  century,  a 
few  companies  were  equipped  with  effective  research  labora¬ 
tories,  notably  Nobel’s  Explosives,  Ltd.  When  Sir  Frederick 
Nathan  became  managing  director  of  Nobel’s,  in  1909,  and 
removed  from  his  position  as  head  of  the  Royal  Gunpowder 
Works  at  Waltham,  Essex,  he  took  with  him  to  the  Ardeer 
factory  his  chief  chemist,  William  Rintoul.  At  Ardeer,  Rin- 
toul  organized  a  research  department  on  the  principles  rec¬ 
ognized  since  then  as  fundamental  for  the  direction  of  an 
industrial  research  department.  In  such  matters  as  group 
organization,  information  service,  the  preparation  and  cir¬ 
culation  of  reports,  the  transfer  of  results  from  the  labora¬ 
tory  to  pilot  plants  and  to  manufacturing,  Rintoul  set  a 
pattern. 

The  example  offered  by  Nobel’s  was  not  generally  fol¬ 
lowed  by  British  industry,  though  there  was  considerably 
more  research  by  British  firms  in  the  early  years  of  the  cen¬ 
tury  than  was  generally  realized.  At  that  time,  though  work 
done  in  the  industrial  laboratories  was  published  in  the  sci¬ 
entific  journals  and  many  of  the  products  of  that  work  have 
been  of  value  to  British  commerce,  the  firms  were  not  anx¬ 
ious  to  advertise  the  work  of  their  laboratories.  It  is  only 
when  a  firm  considers  that  the  possession  of  a  research  labo¬ 
ratory  is  of  advertising  value  that  its  existence  is  likely  to 
become  widely  known  to  the  general  public.  Some  of  the 
American  firms  have  conducted  publicity  campaigns  inform¬ 
ing  their  customers  of  the  existence  of  their  research  labora¬ 
tories  and  of  the  value  that  they  should  be  to  their  cus¬ 
tomers  as  well  as  to  themselves,  and  the  fact  that  this  was 
not  done  by  many  British  firms  has  probably  led  to  an 
underestimate  of  the  value  of  the  work  already  done  in 
Great  Britain. 

In  the  First  World  War,  the  effect  of  the  neglect  of  science 
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by  British  industry  became  very  apparent,  and  the  country 
suffered  especially  because  a  number  of  “key  industries  had 
relied  largely  upon  imports  from  Germany.  Thus  there  was 
a  great  shortage  of  dyes,  pharmaceuticals,  scientific  instru¬ 
ments,  optical  instruments,  optical  glass,  and  synthetic 
organic  chemicals. 

Early  in  1915,  a  deputation  headed  by  representatives  of 
the  Royal  Society  urged  the  government  to  provide  assist¬ 
ance  for  scientific  research  for  industrial  purposes,  and  in 
July  of  the  same  year  the  government,  already  well  aware 
of  the  situation,  announced  a  “Scheme  for  the  Organization 
and  Development  of  Scientific  and  Industrial  Research.” 
An  order  in  council  set  up  the  Committee  of  the  Privy  Coun¬ 
cil  for  Scientific  and  Industrial  Research  with  an  Advisory 
Council  of  eminent  scientific  men,  which  became  the  active 
agent  in  organizing  the  work.  In  the  first  report 3  the  Ad¬ 
visory  Council  refers  to  the  establishment  of  the  Committee 
thus: 

The  State  had  thus  recognized  the  necessity  for  organizing  the 
national  brain  power  in  the  interests  of  the  nation  at  peace.  The 
necessity  for  the  central  control  of  our  machinery  for  war  had 
been  obvious  for  centuries,  but  the  essential  unity  of  the  knowl¬ 
edge  which  supports  both  the  military  and  industrial  efforts  of 
the  country  was  not  generally  understood  until  the  present  war 
revealed  it  in  so  many  directions  as  to  bring  it  home  to  all. 

The  directions  to  the  Advisory  Council  were  “to  frame  a 
programme  for  their  own  guidance  in  recommending  propo¬ 
sals  for  research  and  for  the  guidance  of  the  Committee  of 
Council  in  allocating  such  State  funds  as  may  be  available.” 

As  a  commencement,  the  Advisory  Council  undertook  to 
give  aid  to  the  existing  researches,  to  hold  conferences  with 
professional  and  other  societies,  to  form  standing  commit¬ 
tees  to  deal  with  special  branches  of  research  work,  and  to 
complete  a  register  of  researches  to  aid  research  in  educa- 

3  Report  of  the  Committee  of  the  Privy  Council  for  Scientific  and 
Industrial  Research,”  1915-1916,  p.  9.  (These  reports  are  referred  to 
hereafter  as  British  Report,  1915-1916,  etc.) 
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tional  institutions,  with  the  limitation  that  such  aid  should 
not  result  in  the  funds  of  the  educational  institution  ordi¬ 
narily  available  for  education  or  research  being  relieved. 

In  December,  1916,  the  work  of  the  Committee  of  the 
Privy  Council  was  established  as  a  separate  department 
entitled  the  Department  of  Scientific  and  Industrial  Re¬ 
search  (DSIR),  and  an  Imperial  Trust  for  the  Encourage¬ 
ment  of  Scientific  and  Industrial  Research  was  created  to 
hold  the  funds  allocated  to  research,  the  expenditure  of 
which  was  to  be  controlled  by  the  new  department.  The 
principal  part  of  these  funds  consisted  of  the  sum  of 
£1,000,000  voted  by  Parliament. 

In  the  report  of  the  Advisory  Council  for  1916 4  it  is 
pointed  out  that  there  is  room  in  the  industrial  world  for 
three  methods  of  financing  research.  The  report  con¬ 
tinues: 

There  is  research  which  the  individual  firm  finds  it  remunera¬ 
tive  to  undertake  at  its  own  expense.  Secondly,  there  is  research 
which  is  financed  on  a  co-operative  basis,  and  lastly,  there  is 
research  which  must  be  financed  by  the  State,  if  it  is  to  be  done 
at  all. 

Is  any  distinction  in  kind  to  be  drawn  between  these  three 
classes  of  research  which  would  justify  this  difference  of  treat¬ 
ment?  If  there  is,  and  if  it  can  be  clearly  stated,  it  should  greatly 
assist  the  sound  administration  of  public  funds  and  be  a  useful 
guide  to  our  own  policy.  We  suggest  that  the  distinction  is  to  be 
sought  in  the  probable  nature  of  the  results  to  be  obtained  from 
an  investigation.  If  the  research  is  one  which  a  single  firm  can 
finance  and  which,  if  successful,  will  yield  results  that  a  single 
firm  can  exploit  to  the  full,  there  is  no  case  in  normal  circum¬ 
stances  either  for  co-operation  with  other  firms  or  for  assistance 
from  the  State.  The  more  powerful  the  firm  and  the  greater  the 
variety  of  its  activities,  the  more  far-reaching  will  be  the  nature 
of  the  research  it  will  be  justified  in  undertaking.  But  as  we 
pointed  out  in  our  last  report,  British  manufacturing  firms  are  not 
as  a  rule  at  the  same  time  both  large  and  complex.  In  the  great 

4  British  Report,  1916-1917,  p.  16 
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cotton  industry,  where  some  of  the  firms  have  capital  funds  to  be 
reckoned  in  millions,  the  organization  is  “horizontal,”  not  “verti¬ 
cal,”  and  manufacturing  success  has  been  obtained  by  specializa¬ 
tion  in  a  narrow  range  of  processes.  Far-reaching  scientific  inves¬ 
tigations  which  are  likely  to  affect  several  sections  of  the  industry 
are  accordingly  more  suitable  for  co-operative  than  for  single- 
handed  attack.  There  will  still  be  ample  room  for  private  research 
by  individual  firms  on  the  lines  of  their  own  special  work.  Indeed, 
they  may  be  expected  to  gather  many  suggestions  for  this  from 
the  results  of  the  co-operative  investigations. 

On  the  other  hand,  the  German  chemical  industry  with  its  powr- 
erful  firms  engaged  in  handling  the  primary  raw  materials  through 
all  their  intermediate  stages  up  to  the  manifold  but  closely  related 
final  products,  explosives,  dyes,  essences,  drugs,  antiseptics,  would 
not  be  suited  for  co-operative  research,  though  it  may  be  prepared 
to  go  far  in  the  direction  of  financial  fusion — a  mere  continuation 
of  the  previous  line  of  development. 

If,  as  in  this  country,  conditions  are  in  many  respects  specially 
favorable  to  co-operation  in  the  conduct  of  research,  the  State  is, 
we  think,  justified  in  encouraging  development  along  these  lines 
by  means  of  monetary  and  other  assistance.  We  find  the  justifi¬ 
cation  for  our  proposals  for  Research  Associations  in  these  consid¬ 
erations.  But  when  the  firms  have  done  all  that  it  will  pay  them 
to  do  in  the  way  of  both  private  and  co-operative  research,  there 
still  remain  lines  of  investigation  which  will  either  be  sufficiently 
fundamental  to  affect  a  range  of  interests  wider  than  any  single 
trade,  however  large,  or  else  they  will  clearly  have  a  direct  bear¬ 
ing  on  the  health,  the  well-being,  or  the  safety  of  the  whole  popu¬ 
lation.  The  two  types  are  not  mutually  exclusive,  but  research  of 
either  kind  falls,  we  think,  into  the  third  class  and  must  be  under¬ 
taken  by  the  State  itself. 

The  research  associations  referred  to  in  this  extract  were 
designed  by  the  Advisory  Council  to  make  use  of  the  funds 
at  their  disposal  for  the  promotion  of  research. 

The  plans  for  the  organization  of  the  research  associations 
were  well  thought  out,  and  the  Department  has  always  been 
well  and  fairly  administered  without  any  tendency  to  take 
advantage  of  its  position  to  establish  a  technical  control  over 
industry.  Sir  William  S.  M’Cormick  was  the  first  chairman 
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of  the  Advisory  Council,  and  Sir  Frank  Heath  the  first  secre¬ 
tary  of  the  DSIR.5 

The  research  associations  are  formed  as  follows: 

The  manufacturers  in  each  industry  combine  to  form  a 
limited-liability  company  operating  without  profit.  This  re¬ 
search  association  undertakes  to  initiate  researches,  collect 
information,  and  generally  be  at  the  disposal  of  the  manu¬ 
facturers  supporting  the  association. 

The  advantages  accruing  to  each  firm  subscribing  to  a 
research  association  are  set  forth  by  the  Department  as 
follows:  6 

1.  It  will  receive  a  regular  service  of  summarized  technical  in¬ 
formation  which  will  keep  it  abreast  of  the  technical  develop¬ 
ments  in  the  industry  at  home  and  abroad.  To  do  as  much  for 
itself  any  firm  would  have  to  employ  more  than  one  man  on  its 
staff  reading  and  translating  the  technical  press. 

2.  It  will  be  able  to  obtain  a  translated  copy  of  any  foreign 
article  in  which  it  may  be  specially  interested  and  to  which  its 
attention  will  have  been  drawn  by  the  periodical  bulletin. 

3.  It  will  have  the  right  to  put  technical  questions  and  to  have 
them  answered  as  fully  as  possible  within  the  scope  of  the  research 
organization  and  its  allied  associations. 

4.  It  will  have  the  right  to  recommend  specific  subjects  for 
research,  and  if  the  Committee  or  Board  of  the  research  organiza¬ 
tion  of  that  industry  consider  the  recommendation  of  sufficient 
general  interest  and  importance,  the  research  will  be  carried  out 
without  further  cost  to  the  firm  making  the  recommendation,  and 
the  results  will  be  available  to  all  the  firms  in  the  organization. 

5.  It  will  have  the  right  to  the  use  of  any  patents  or  secret 
processes  resulting  from  all  researches  undertaken  either  without 
payment  for  licenses,  or  at  any  rate  on  only  nominal  payment  as 
compared  with  firms  outside  the  organization. 

6.  It  will  have  the  right  to  ask  for  a  specific  piece  of  research 

5  The  authors  are  greatly  indebted  to  Ronald  S.  Edwards,  of  the  Lon¬ 
don  School  of  Economics  and  Political  Science,  who  kindly  placed  at 
their  disposal  the  manuscript  of  his  study  of  the  British  research  associa¬ 
tions  to  be  published  by  Sir  Isaac  Pitman  &  Sons,  Ltd.,  London,  under 
the  title  "Co-operative  Industrial  Research.” 

6  British  Report,  1916-1917,  p.  50. 
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to  be  undertaken  for  its  sole  benefit  at  cost  price,  and,  if  the 
governing  Committee  or  Board  approve,  the  research  will  be 

undertaken. 

Sir  Frank  Heath  7  says:' 

The  Department  acts  as  a  clearing-house  of  information  for 
the  association,  and  gives  all  the  assistance  and  advice  in  its 
power,  whether  the  association  is  in  receipt  of  a  grant  or  not.  The 
association  has  full  control  of  its  own  income,  whether  fiom  Gov¬ 
ernment  or  from  its  members,  and  all  the  results  of  research  aie 
the  sole  property  of  the  association  held  in  trust  for  its  members. 
The  Department  asks  to  be  kept  informed,  acts  as  the  go-between 
when  an  association  seeks  to  sell  its  results  to  another  industry  or 
association,  and  reserves  the  power  to  prohibit  the  communication 
of  results  to  a  foreign  body  or  person.  But  this  is  the  limit  of  Gov¬ 
ernment  interference.  The  Advisory  Council  laid  stress  upon  the 
representation  of  science  as  well  as  capital  and  management  on 
the  board  of  directors,  and  they  think  it  desirable  that  there 
should  be  some  representation,  if  possible,  of  skilled  labor.  They 
also  lay  great  stress  upon  the  appointment  in  each  case  of  a 
responsible  technical  officer  as  director  of  research,  in  order  to 
ensure  the  unity  of  direction,  which  is  as  necessary  in  research  as 
in  the  battlefield. 

A  fund  of  £1,000,000  was  voted  by  Parliament  in  1917— 
1918  for  grants  over  an  agreed  period,  which  was  fixed  at  5 
years  in  every  case.  A  minimum  subscription  income  over 
the  period  was  agreed  upon  as  the  necessary  condition  for 
the  grant,  and  in  most  cases  the  Department  offered  to  make 
grants  on  a  pound-for-pound  basis. 

The  Department  soon  discovered  that  it  was  one  thing  to 
get  associations  started  but  quite  another  to  develop  them 
to  the  state  of  financial  independence,  and  in  its  report  for 
1922-1923  the  Advisory  Council  admitted  that  it  was  disap¬ 
pointed.  There  were  three  causes  for  this  disappointing 
result:  (1)  lack  of  capital;  (2)  failure  to  appreciate  the 
long  period  required  to  make  a  research  institute  success- 

7  Heath,  F.,  The  Government  and  the  Organization  of  Scientific  Re¬ 
search,  Journal  of  the  Royal  Society,  67:210,  1919. 
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ful;  (3)  the  difficult  economic  conditions  in  Great  Britain 
that  followed  the  war.  When  the  scheme  was  propounded, 
it  was  not  realized  that  the  associations  would  require  capi¬ 
tal.  It  was  thought  that  they  could  work  on  a  current  income, 
using  facilities  placed  at  their  disposal  by  universities,  tech¬ 
nical  colleges,  and  other  research  institutions.  In  many  cases, 
however,  the  universities  and  other  schools  were  faced  with 
an  enormous  postwar  teaching  problem  and  were  very  un¬ 
willing  to  allot  space  and  staff  to  industrial  research. 

One  of  the  first  research  associations  to  secure  substantial 
funds  for  capital  expenditure  was  the  Cotton  Research  Insti¬ 
tute,  which  acquired  land  and  a  large  house,  now  known  as 
the  Shirley  Institute.  Some  of  the  funds  came  from  grants 
made  by  the  trustees  of  the  Cotton  Trade  War  Memorial 
Fund  and  the  rest  from  special  contributions  from  the  indus¬ 
try.  The  Wool  Research  Association  also  had  in  hand  a 
considerable  amount  of  money  transferred  from  the  West 
Riding  Textile  Research  Committee.  Most  associations,  how¬ 
ever,  had  to  rely  mainly  on  income  reserves  accumulated  in 
the  first  year  or  two,  during  which  the  organization  was 
unable  to  utilize  the  modest  income  available. 

The  average  annual  DSIR  grant  for  the  first  5  years  of 
the  associations’  operation  was  only  a  few  thousand  pounds, 
and  of  the  20  associations  8  had  a  total  annual  income  of 
£5,000  or  less  and  only  7  exceeded  £10,000.  This  shortage  of 
capital  limited  the  quantity  and  quality  of  the  staff  and 
diverted  their  efforts  from  research  to  salesmanship.  The 
reports  of  the  research  associations  during  the  first  few  years 
show  a  continual  anxiety  to  increase  the  funds  in  any  proper 
way  and  especially  to  organize  drives  for  membership. 

The  first  2  years  of  each  research  association  were  spent, 
of  course,  in  organizing,  in  obtaining  staff,  and  in  drawing 
up  programs  and  the  DSIR  reports  that  “Nearly  three  years 
must  elapse  before  an  investigation  of  any  magnitude  can 
be  effectively  launched.”  Long  before  the  end  o  the  first 
contract  period,  many  of  the  industries  which  had  separate 
research  associations  were  in  severe  economic  difficulties. 
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The  depression  of  1921-1922  gravely  affected  the  views  of 
industry  as  to  the  possibility  of  spending  money  on  research 
at  that  time.  Nevertheless,  a  survey  of  the  situation  by  the 
Advisory  Council  led  to  the  general  conclusion  that  pi  ogress 
^ad  been  made,  and  it  was  recommended  that,  if  the  neces¬ 
sary  funds  to  secure  the  effective  income  could  not  be  pro¬ 
vided  at  once  by  the  industry  but  the  association  show  ed 
promise,  the  Department  might  properly  make  a  further 
offer  of  assistance.  It  was  recognized  that,  unless  a  higher 
minimum  was  set  to  the  operations  of  the  research  associa¬ 
tions,  the  subsidy  was  in  danger  of  being  wasted,  and  the 
idea  of  a  minimum  “effective  income”  was  introduced.  It 
was  provided  that  grants  should  be  made  for  an  additional 
period  but  that  the  contracts  would  provide  for  a  diminish¬ 
ing  subsidy,  and  the  effective  income  must  be  maintained 
over  the  contract  period  by  increasing  subscriptions  from 
the  industry.  The  general  plan  was  that  the  subsidy  would 
diminish  at  the  rate  of  20  per  cent  a  year. 

Though  the  plan  might  have  been  satisfactory  for  associa¬ 
tions  well  on  the  way  to  success,  very  few  were  in  that  posi¬ 
tion  at  the  end  of  the  first  contract  period  and  the  associa¬ 
tion  reports  during  the  second  contract  period  are  full  of 
references  to  the  financial  struggle.  This  grave  anxiety  had 
its  effect  on  the  work  of  the  associations.  Not  only  was  the 
time  of  the  senior  staff  taken  up  with  a  struggle  for  exist¬ 
ence,  but  the  research  work  done  tended  in  some  cases  to  be 
largely  ad  hoc,  and  long-range  problems  were  replaced  by 
work  that  would  be  of  immediate  value  to  the  industry.  It 
was,  moreover,  very  difficult  to  attract  first-class  scientific 
workers  to  organizations  with  so  doubtful  a  future,  and 

many  of  the  men  who  had  started  with  the  associations  left 
them. 

As  the  subsidies ‘from  the  government  fell,  the  industrial 
income,  instead  of  rising,  was  actually  lower  in  1927  than  in 
1923,  and  the  19  associations  which  were  receiving  aid  sub¬ 
mitted  a  memorandum  requesting  continuance  o&f  govern¬ 
ment  support  for  10  years  more  on  the  basis  of  pound  for 
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pound.  This  proposal  was  unacceptable.  The  government 
still  hoped  that  eventually  the  research  associations  would 
become  self-supporting.  After  10  years,  they  could  see  no 
grounds  which  would  justify  the  recommendation  that  half 
the  expenditure  on  research  associations  should  continue 
indefinitely  to  be  made  from  national  funds,  and  a  new  prin¬ 
ciple  was  proposed. 

As  each  contract  came  up  for  review,  “each  association 
should  be  considered  on  its  merits  and  a  subscription  income 
fixed  which  it  would  be  necessary  for  the  association  to  ob¬ 
tain  from  other  sources  before  it  was  eligible  for  any  grant 
from  the  department/’  Thus  each  association  had  to  obtain 
a  basic  income  up  to  which  no  government  grant  was  allowed. 
Above  this  basic  income,  the  excess  income  obtained  from 
the  industry  would  be  matched  by  the  government  pound 
for  pound  until  the  total  was  three  times  the  basic  income. 
No  further  subsidy  would  be  paid.  The  belief  that  such  a 
basic  income  could  be  acquired  showed  that  the  research 
associations  were  making  some,  if  rather  painful,  progress, 
but  still  the  DSIR  was  beginning  to  feel  that  research  asso¬ 
ciations  could  scarcely  be  expected  to  support  themselves 
without  government  help. 

About  1930-1931,  the  great  depression  struck.  Not  only 
were  the  industries  severely  depressed,  but  the  DSIR,  in 
common  with  other  departments,  had  been  required  to  effect 
stringent  economies,  and  cuts  were  made  in  the  subsidies  to 
the  research  associations.  The  combined  strain  of  a  major 
depression  and  a  reduction  in  the  subsidy  was  as  severe  a 
test  as  the  research-association  movement  was  ever  likely  to 
face,  but  even  in  the  critical  period  of  1931  to  1933  nine  out 
of  the  19  associations  managed  to  increase  their  industrial 
income,  and,  looking  back,  the  fact  that  the  associations 
weathered  the  depression  so  well  seems  of  great  significance. 
At  the  time,  however,  the  general  picture  was  dark.  Fifteen 
years  of  patience  and  hard  work  and  the  expenditure  o 
£1,000,000  of  government  money  had  resulted  in  19  research 
associations  operating  with  an  average  annual  expenditure 
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of  £14  500  apiece,  and  if  6  associations  spending  more  than 
£14  000  were  omitted,  the  remaining  13  had  an  average  ex¬ 
penditure  of  under  £7,000.  The  19  associations  were  sup¬ 
posed  to  be  doing  research  for  industries  with  an  average 

•.annual  net  output  in  1930  of  £440,000,000.  .  . 

After  the  depression,  the  government  again  revised  its 
terms,  and  in  1934  an  annual  block  grant  was  offered  pro¬ 
viding  that  each  association  should  raise  from  its  members 
a  stipulated  minimum  income,  and  a  further  grant  was 
offered  in  proportion  to  the  amount  raised  by  the  industry 
over  and  above  the  minimum  grant-earning  income.  The 
objective  of  the  Department  in  the  new  contracts  was  to  pay 
less  to  maintain  the  associations’  income  already  attained 
and  considerably  more  to  secure  a  higher  one.  In  1933,  the 
Department’s  grant  totaled  £66,000.  In  1939,  the  figure  was 
£178,000.  In  the  same  period,  the  industrial  income  rose  from 
£167,000  to  £372,000.  Some  of  this  improvement  was  due, 
of  course,  to  the  revival  of  trade,  but  undoubtedly  some  part 
was  due  to  the  advances  that  the  research  associations  were 
making  and  to  the  fact  that  the  industries  were  being  con¬ 
vinced  that  the  associations  could  give  value  for  money. 

The  initial  effect  of  the  outbreak  of  war  in  1939  was  to 
check  the  increase  in  rate  of  income,  but  it  was  soon  made 
up,  and  from  1941  the  expansion  was  resumed  at  a  higher 
rate.  The  causes  of  this  remarkable  upswing  during  the  war 
in  the  fortunes  of  the  research-association  movement  are 
that,  first,  a  great  deal  of  work  was  required  by  the  govern¬ 
ment  departments  in  connection  with  the  war  effort  and. 
second,  there  were  sweeping  changes  in  the  plans  for  indus¬ 
trial  research,  as  in  all  else.  Many  industries  were  faced  with 
shortages  or  changes  of  materials.  New  products  had  to  be 
manufactured,  and  many  firms  had  to  manufacture  existing 
products  with  which  they  were  unfamiliar  and  which  pre¬ 
sented  new  problems.  The  research  associations  were  of  great 
use  in  these  changes. 

Figure  3  shows  the  number  of  associations  in  existence, 
the  aggregate  amount  of  the  government  grant,  and  the  total 
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income  available  for  all  the  associations.  Thus,  in  30  years, 
47  research  associations  have  been  formed,  of  which  3  were 
created  to  take  over  existing  organizations  receiving  grants. 


— - - Number  of  Associotions 

- D.S.I.R.  Grant 

- Totol  Income 

Fig.  3.  Research  associations. 

Twelve  associations  have  been  discontinued,  but  of  these 
only  6  were  failures.  Several  associations  have  incomes  of 
between  £100,000  and  £200,000  a  year,  and  2  or  3  have  in¬ 
comes  in  excess  of  £200,000.  The  early  years  were  difficult, 
and  progress  was  slow.  In  general,  the  research  associations 
are  well  established  and  will  be  able,  as  far  as  can  be 
foreseen,  not  only  to  continue  but  to  extend  their  activ¬ 
ities. 
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From  the  point  of  view  of  their  actual  operations,  it  is,  of 
course,  impossible  to  make  any  assessment  of  the  value  of 
the  results  obtained  by  the  research  associations.  There  is 
no  doubt  that  savings  in  cost  have  been  made  by  the  indus¬ 
tries  as  a  result  of  the  work  of  the  associations,  and  almost 
certainly  some  major  developments  have  come  from  their 
work.  It  would  be  almost  impossible  for  several  million 
pounds  to  be  spent  on  scientific  research  without  any  valu¬ 
able  result  being  obtained,  but  it  is  very  difficult,  in  any 
case,  to  get  a  financial  assessment  of  the  value  of  research 
work.  From  the  discussion  in  Chap.  VIII,  it  can  be  seen 
that,  even  for  the  research  laboratories  of  private  industry, 
the  figures  given  for  the  value  of  their  work  are  very  vague. 
The  industries  are  content  generally  to  say  that  they  have 
no  doubt  whatever  that  the  research  laboratory  is  worth  far 
more  than  its  cost.  In  the  same  way,  for  the  research  associa¬ 
tions  the  trend  of  membership  and  subscriptions  is  a  useful 
indication  that  an  association  is  doing  a  good  job. 

Edwards  made  a  canvass  of  industrial  opinion  in  his  study 
of  the  research  associations  and  asked  a  large  number  of 
members  of  associations  whether  they  thought  that  they 
were  getting  real  value  for  their  subscriptions,  whether  they 
regarded  them  as  a  speculation  that  might  pay,  or  whether 
they  thought  their  support  was  merely  a  duty.  Like  most 
polls  of  opinion,  the  validity  of  the  sampling  can  be  ques¬ 
tioned,  and  Edwards  lays  stress  on  the  limitations  of  the 
method.  A  summary  of  the  answers  shows,  however,  that  60 
per  cent  of  the  subscribers  who  were  questioned  thought  that 
they  got  real  value  for  money;  25  per  cent  regarded  the  sub¬ 
scription  as  a  speculation;  and  the  remainder  regarded  it  as 
a  duty  or  had  no  definite  opinion.  In  the  analysis  that 
dwards  gives  there  is  a  considerable  difference  between 
he  attitude  of  the  members  of  the  different  associations  In 
he  most  successful,  more  than  70  per  cent  considered  that 

InTen^  Va'Ue  for  the  money  th«y  Paid  the  association 
In  reply  to  the  question  whether  they  could  recall  any  work 

the  association  that  represented  a  solid  contribution  to 
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the  industry,  more  than  50  per  cent  said  that  they  could 
recall  such  an  example,  and  only  25  per  cent  said  definitely 
that  they  could  not.  Again,  more  than  60  per  cent  of  the 
members  considered  the  general  organization  and  policy  of 
their  research  association  satisfactory,  and  only  21  per  cent 
did  not;  42  per  cent  thought  that  their  research  association 
should  expand,  and  31  per  cent  were  against  expansion;  36 
per  cent  of  the  members  would  willingly  agree  to  an  increase 
in  subscription,  33  per  cent  being  opposed  to  it.  Edwards 
concludes  from  the  answers  that  the  associations  in  general 
are  appreciated  by  their  membership.  The  fact  that  so  many 
firms  feel  that  their  subscription  is  real  value  for  money 
suggests  a  degree  of  satisfaction  higher  than  would  apply  to 
a  bargain  just  worth  the  cost. 

The  criterion  of  the  value  of  the  research  associations  is 
not  whether  their  research  has  any  value.  Their  primary 
purpose  was  to  encourage  industrial  research  in  Great  Brit¬ 
ain.  Would  industrial  research  in  Great  Britain  have  pro¬ 
gressed  more  or  less  rapidly  if  the  research  associations  had 
not  been  formed  by  a  government  subsidy?  It  is  probably 
impossible  to  answer  this  question.  On  the  one  hand,  suc¬ 
cessful  research  in  an  association  has  often  led  to  the  estab 
lishment  of  research  laboratories  in  individual  industries, 
and  in  this  way  the  work  of  the  associations  has  favoied  the 
expansion  of  industrial  research  in  Great  Britain.  On  the 
other  hand,  there  is  always  a  tendency  for  the  nontechnical 
heads  of  a  business  who  observe  their  competitors’  activity 
in  research  to  feel  that  they  can  meet  the  situation  by  a 
subscription  to  a  research  association  and  so  avoid  under¬ 
taking  the  much  more  serious  operation  of  providing  their 
own  research.  In  any  case,  the  point  is  probably  of  academic 
interest.  British  industry  is  expanding  its  own  research  very 


actively.  _  .  .  .  ,  c  • 

The  whole  industrial  research  situation  and  that  of  scien- 

tific  research  in  general  was  changed  in  Great  Britain  as  in 
the  United  States,  by  the  experience  of  the  Second  W  or 
War.  For  the  first  time  in  its  history,  Great  Britain  called 
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upon  its  scientific  men  to  concentrate  every  possible  effort 
to  meet,  check,  and  eventually  defeat  its  enemies.  No  prepa¬ 
ration  had  been  made,  but  this  mobilization  for  war  was 
successful.  In  both  Great  Britain  and  the  United  States,  a 
wast  industrial  research  and  development  organization  was 
created  to  meet  the  requirements  of  the  armed  forces  and  to 
design  improved  weapons  and  methods  of  using  them.  After 
the  w^ar,  the  public  naturally  felt  that,  if  scientific  research 
were  of  such  value  in  wrar,  it  would  be  of  equal  value  in 
peace.  Instead  of  mobilizing  science  to  defeat  the  armies 
and  air  fleets  of  the  enemy,  it  should  be  mobilized  to  meet 
the  difficulties  of  peace.  The  application  of  science  should 
be  the  road  to  wealth  and  the  road  to  health. 

There  w7as  much  discussion  of  the  subject  in  Great  Britain, 
and  this  discussion  has  been  published.  In  the  spring  of  1944 
the  Manchester  Chamber  of  Commerce  sponsored  four  meet¬ 
ings  on  Science  and  Industry.  A  conference  on  problems  of 
scientific  and  industrial  research  was  held  in  1944  at  Nuf¬ 
field  College,  England,  and  an  excellent  summary  of  the 
discussion  was  published.8  In  March,  1946,  the  Federation 
of  British  Industries  held  a  2-day  conference  on  industry 
and  research  attended  by  1,400  delegates,  a  report  of  w7hich 
wras  also  published.9  The  general  conclusions  from  all  this 
discussion  wrere  that  the  progress  of  British  industry,  and 
therefore  the  prosperity  and  even  the  existence  of  the  Brit¬ 
ish  people,  would  depend  upon  a  rapid  increase  in  the  appli¬ 
cation  of  science  and  eventually  upon  the  creation  of  new7 
scientific  knowledge.  A  statistical  survey  of  scientific  and 
technical  research  in  British  industry  published  by  the  Fed¬ 
eration  show7s  that  the  expenditure  on  research  and  develop¬ 
ment  by  private  industry  increased  very  rapidly  indeed  dur¬ 
ing  the  war.  The  following  table  shows  that  the  expenditure 
of  1945-1946  was  four  times  that  of  1938: 

8  “Problems  of  Scientific  and  Industrial  Research,”  Oxford  University 
Press,  New  York,  April,  1944. 

9  industry  and  Research,”  Sir  Isaac  Pitman  &  Sons,  Ltd.,  London, 
1940  * 
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Year 

No.  of  firms  * 

Expenditure 

1930 

422 

£  1,736,000 

1935 

484 

2,696,000 

1938 

566 

5,442,000 

1945-1946 

420 

21,815,000 

*  Each  spending  a  minimum  of  £1,000. 


The  rate  of  increase  of  expenditure  on  research  for  British 
industry  during  the  war  years  was  apparently  about  double 
that  for  the  industries  of  the  United  States.  The  growth  of 
British  industrial  research  is  no  longer  lagging  behind  that 
of  the  United  States.  The  survey  estimates  that  about 
45,000  persons  are  employed  directly  on  industrial  research 
and  development.  Moreover,  the  stated  plans  for  the  imme¬ 
diate  future  are  for  a  rapid  and  continuing  expansion.10 

It  is  probable  that  both  in  Great  Britain  and  in  the  United 
States  the  expansion  of  scientific  research  will  be  limited  by 
the  trained  man  power  available,  and  in  both  countries  the 
supply  of  trained  scientists  is  a  matter  of  immediate  con¬ 
cern. 

10  It  should,  however,  be  remembered  that  some  of  this  rapid  expan¬ 
sion  in  the  research  laboratories  of  British  industry  is  being  paid  for  by 
the  defense  services,  who  subcontract  a  great  portion  of  their  research 
work  to  industrial  firms,  and  the  apparent  expansion  is  therefore  much 
greater  than  the  true  expansion  in  industrial  research. 


Chapter  VI 


Technological  Research  Institutes 


The  technological  research  institutes,  in  which  indus¬ 
trial  firms  can  have  research  carried  out  for  their  own 
benefit  but  with  the  facilities  and  guidance  of  a  large 
institution,  have  grown  both  in  number  and  importance 
since  1930  and  are  second  in  importance  only  to  the  private 
laboratories  of  the  industries  in  their  effect  upon  technology 
in  the  United  States. 

The  Mellon  Institute,  at  the  University  of  Pittsburgh,  the 
prototype  of  the  technological  research  institutes,  was 
founded  in  1913  to  carry  out  the  scheme  of  industrial  fel¬ 
lowships  originally  introduced  by  R.  K.  Duncan  of  the 
University  of  Kansas.  Duncan  adopted  this  scheme  partly 
to  train  students  in  industrial  research  and  partly  because 
he  felt  that  such  research  work  as  was  attempted  in  small 
factories  was  often  undertaken  in  very  bad  conditions.1 
He  felt  too  that  the  manufacturer  often  had  neither  the 
knowledge  nor  the  experience  requisite  to  establish  success¬ 
ful  research,  that  he  was  not  willing  to  allow  sufficient  space 
or  equipment  for  it,  and  that  a  man  working  alone  in  a  small 
industry  was  hampered  both  by  lack  of  the  stimulation  he 
might  get  from  association  with  other  scientific  workers  and 
by  want  of  proper  skilled  direction  of  the  work.  At  the  invi¬ 
tation  of  A.  W.  and  R.  B.  Mellon,  Duncan  went  to  the  Uni- 
versity  of  Pittsburgh  in  1910  to  establish  a  department  of 
industrial  research,  and  the  Mellon  Institute  of  Industrial 
Research  was  later  organized  and  endowed.  The  present 
magnificent  building  was  occupied  in  1937  2 

J . *'  •'  •*' 
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The  general  principle  of  the  industrial  fellowship  as  pro¬ 
posed  by  Duncan  is  still  being  followed.  An  agreement  is 
made  between  the  Institute  and  a  donor,  usually  an  indus¬ 
trial  organization,  which  desires  the  investigation  of  a  prob¬ 
lem.  The  problem  is  studied  by  the  establishment  of  a  fel¬ 
lowship,  the  donor  paying  the  Institute  a  foundation  sum 
covering  the  actual  cost  of  the  research  program.  The  exclu¬ 
sive  purpose  of  the  fellowship  is  set  forth  in  the  agreement, 
and  it  is  understood  that  the  fellow  is  to  devote  his  time  to 
the  pursuit  of  that  investigation.  Originally  the  fellow  was 
a  graduate  student  in  the  University;  now  the  fellowship  is 
postdoctoral  in  nature  although  the  doors  of  the  graduate 
school  of  the  University  are  open  gratis  to  any  fellowship 
researcher.  The  salary  of  the  fellow  is  derived  from  the  foun¬ 
dation  sum  paid  under  the  agreement.  Originally  the  fellow’s 
stipend  was  that  customary  for  a  graduate  student;  now  it 
is  the  salary  of  a  competent  research  worker.  At  first,  all  the 
fellow’s  tuitional  fees  were  to  be  paid  by  him  from  his  sti¬ 
pend.  Then  the  fellow  participated  in  the  profits  of  any 
invention  to  the  extent  of  10  per  cent  of  the  net  proceeds. 
His  status  now  is  that  of  a  salaried  employee,  but  at  the 
discretion  of  the  donor  of  the  fellowship  he  may  receive  such 
bonuses  as  are  customary  in  the  donor  organization. 

Any  discoveries  made  by  the  fellow  become  the  exclusive 
property  of  the  fellowship  donor,  and  the  fellow  and  the 
Institute  are  bound  to  assign  to  the  donor  all  rights  in  every 
discovery.  The  Institute  has  no  financial  interest  in  nor  can 
it  derive  a  penny  of  profit  from  the  work  of  any  fellow.  The 
fellow  and  his  advisers  have  always  been  bound  to  hold  in 
confidence  any  information  received  from  the  donor  or  de¬ 
veloped  during  the  research.  This  regulation  has  been  ap¬ 
plied  to  the  extent  that,  although  the  fellowship  agreement 
has  in  all  cases  permitted  publication  after  a  lapse  of  time 
to  protect  the  donor’s  interest,  no  publication  has  ever  been 
made  unless  actually  released  by  the  donor. 

There  are  some  phases  of  the  operation  of  the  Institute 
that  justify  a  fuller  discussion  because  they  contribute  to 
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the  proved  success  of  its  research  procedure.  The  purpose  of 
an  investigation  is  clearly  set  forth  in  the  fellowship  agree¬ 
ment  and,  if  necessary,  is  amplified  and  clarified  by  an  ex¬ 
change  of  letters.  In  order  to  guarantee  the  rights  of  a  donor 
in  fellowship  findings,  the  purpose  of  each  fellowship  is  re¬ 
garded  as  an  exclusive  reservation  to  that  donor.  Only  in  the 
event  that  a  field  is  released  by  a  donor  is  another  fellowship 
accepted  in  that  particular  field.  Modern  industry  covers 
broad  domains,  and,  though  a  number  of  fellowships  may  be 
existent  therein,  the  portions  allotted  to  the  respective  fel¬ 
lowships  and  donors  are  definitely  limited  so  that  at  no  time 
is  there  competition  or  overlapping  in  the  researches.  This 
practice  is  carried  out  to  the  extent  that,  should  any  fellow 
make  a  discovery  germane  to  the  fellowship  purpose  of  an¬ 
other  donor,  the  latter  is  given  an  opportunity  to  acquire  an 
interest  in  the  new  development. 

Every  fellowship  operates  under  a  specific  agreement  be¬ 
tween  the  company  or  individual  (the  donor)  sustaining  the 
fellowship  and  the  Institute.  The  contract  is  for  1  year,  and 
a  simple  agreement  between  the  Institute  and  the  fellow 
runs  for  the  same  period.  The  agreement  fixes  the  dates  for 
the  beginning  and  ending  of  the  fellowship  year;  stipulates 
the  cost  of  the  fellowship  (the  foundation  sum) ;  and  states 
briefly  the  exact  purpose  of  the  program,  but  provides  that 
the  purpose  and  life  of  the  fellowship  may  be  extended  by 
mutual  agreement.  It  is  stipulated  that  the  Institute  shall 
retain  20  per  cent  of  the  foundation  sum  to  cover  general 
overhead  charges  and  shall  use  the  remainder  for  investi¬ 
gators  salaries  and  research  expense. 

The  cost,  or  foundation  sum,  of  an  industrial  fellowship  is 
determined  by  the  salaries  of  the  incumbent  and  needed 
assistants,  the  actual  cost  of  research  materials  including 
specialized  equipment  required,  and  the  amount  of  traveling 
necessary  for  the  fellow  in  the  course  of  his  studies.  Since 
fellows  of  various  degrees  of  competence  and  experience  are 
employed  by  the  Institute,  salaries  will  be  found  comparable 
Wlth  those  of  any  °ther  large  research  organization. 
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The  choice  of  fellows  and  assistants  is  placed  in  the  hands 
of  the  Institute,  although  appointees  must  be  acceptable  to 
the  donor.  The  fellow  is  to  devote  his  full  time  to  the  pursuit 
of  the  investigation  and  is  to  receive  the  benefit  of  both  the 
advice  and  the  direction  of  the  executive  staff  of  the  Insti¬ 
tute  and  the  expert  knowledge  of  the  donor.  Pilot-plant  op¬ 
erations  may  be,  and  usually  are,  carried  on  at  the  Institute, 
are  jointly  agreed  upon,  and  are  covered  by  a  separate 
budget.  The  fellow  is  required  to  submit  monthly  progress 
reports  to  the  donor  through  the  executive  staff  and  also  to 
present  a  comprehensive  monograph  covering  the  work  of 
the  fellowship  at  the  termination  of  the  research  program. 

It  is  provided  that  all  reports  of  the  fellowships  are  re¬ 
tained  in  the  private  files  of  the  Institute  and  made  known 
only  to  the  donor  unless  specifically  released  by  the  latter. 
When  authorized  by  the  donor,  the  fellow  is  to  make  appli¬ 
cation  for  patent  protection  on  any  of  his  developments  and 
is  to  assist  in  the  prosecution  of  the  applications,  to  assign 
them  to  the  donor  or  trustee  as  instructed,  and,  when  neces¬ 
sary,  to  assist  in  the  defense  of  the  granted  patent.  It  is  also 
provided  that  if  the  donor  does  not  wish  to  seek  patent  pro¬ 
tection  the  fellow  may  not  take  such  action,  except  of  course 
with  the  donor’s  permission.  It  is  further  provided  that  there 
shall  be  no  publication  of  fellowship  findings,  by  the  fellow 
or  the  Institute,  without  the  donor’s  consent,  until  such 
time  has  elapsed  that  the  donor  shall  have  had  opportunity 
to  protect  himself  in  every  way. 

Industrial  fellows  may  be  appointed  by  the  Institute  from 
the  open  employment  market  or,  at  times,  may  be  drawn 
from  the  donor  organizations.  As  stated  above,  whereas  the 
fellow  must  be  mutually  acceptable  to  the  Institute  and  the 
donor,  final  approval  rests  with  the  Institute,  as  it  is  the 
actual  employer  of  all  personnel.  When,  at  the  termination 
of  a  fellowship  program,  the  fellow  does  not  enter  the  em¬ 
ploy  of  his  donor,  an  opportunity  is  usually  afforded  for  him 
to  become  associated  with  another  fellowship  project. 

In  1948  the  Mellon  Institute  had  80  industrial  fellow- 
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ships  in  operation,  employing  267  scientists  and  298  assist¬ 
ants.  The  expenditure  for  pure  and  applied  research  was 
$3,085,000.  In  the  36  years  ended  December  31,  1947,  the 
total  publications  were  24  books,  214  bulletins,  and  2,362 
contributions  to  journals.  United  States  patents  granted  to 
fellows  of  the  organization  numbered  1,047. 

The  Institute  from  the  time  of  its  inception  has  served 
simultaneously  large  and  small  donors.  Many  of  them  have 
research  departments  of  their  own,  perhaps  most  of  them 
engaged  in  research  within  their  organizations;  neverthe¬ 
less,  a  number  have  neither  research  facilities  nor  research 
staffs.  The  contact  with  a  donor  is  not  necessarily  through 
the  research  department,  where  such  a  department  exists. 

An  industrial  fellowship  may  remain  the  sole  research 
division  of  a  donor  organization.  In  other  cases,  the  fellow¬ 
ship  expands  and  splits,  a  part  going  directly  to  the  donor 
to  become  his  research  division,  and  the  remainder  staying 
in  the  Institute  to  be,  as  it  were,  the  listening  post.  There 
are  some  large  donors  that  use  parts  of  their  fellowships  as 
permanent  research  groups  and  have  attached  thereto  as 
nuclei  younger  groups  of  rotating  personnel,  who  are  really 
attending  a  training  school.  Of  the  80  fellowships  in  opera¬ 
tion  at  the  beginning  of  1948,  7  had  been  active  for  more 
than  30  years  and  41  in  all  for  10  years  or  more. 

Naturally,  a  research  institute  that  has  been  in  successful 
operation  for  more  than  30  years  will  have  many  triumphs 
to  point  to,  but  the  Mellon  Institute  has  good  reason  also 
to  be  proud  of  the  work  it  has  done  in  starting  industries  on 
the  path  to  successful  research,  a  path  that  in  some  cases 
has  led  to  the  establishment  of  large  industrial  research 
laboratories. 

Soon  after  the  Institute  was  organized,  an  industrial  fel¬ 
lowship  was  founded  by  the  Prest-O-Lite  Company  to  study 
acetylene.  At  that  time,  compressed  acetylene  was  widely 
favored  for  automobile  headlights,  and  its  use  in  the  welding 
industry  was  rapidly  expanding.  During  the  course  of  the 
investigation  it  was  found  that  ethylene  could  be  made 
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cheaply  by  a  new  process,  and  the  question  of  how  to  utilize 
this  gas  was  an  interesting  economic  problem.  Various  syn¬ 
thetic  reactions  were  known  by  which  ethylene  could  be  used 
in  the  laboratory  to  prepare  aliphatic  chemicals,  but  no  suc¬ 
cessful  commercial  production  had  been  developed  in  this 
field.  It  seemed  possible  that,  by  the  suitable  application  of 
industrial  research,  ethylene  and  propylene  might  become 
the  raw  materials  for  a  new  aliphatic-chemicals  industry. 
The  Union  Carbide  and  Carbon  Corporation  accordingly 
organized  a  new  unit,  Carbide  and  Carbon  Chemicals  Cor¬ 
poration,  to  carry  out  these  ideas,  with  G.  0.  Curme,  Jr.,  the 
Mellon  Institute  fellow,  as  its  first  director  of  research.  The 
soundness  of  the  ideas  on  which  this  bold  venture  was 
founded  has  been  amply  demonstrated  by  its  success.3 

In  1927  the  Gulf  Production  and  Pipe  Line  Companies, 
a  subsidiary  of  the  Gulf  Oil  Corporation,  of  Pittsburgh, 
founded  a  multiple  fellowship  in  the  Institute  for  the  pur¬ 
pose  of  investigating  major  problems  in  the  winning,  stor¬ 
age,  and  transportation  of  crude  petroleum.  P.  D.  Foote,  a 
pure  scientist  who  had  distinguished  himself  by  his  re¬ 
searches  in  physics  at  the  Bureau  of  Standards  in  Washing¬ 
ton,  D.C.,  was  selected  for  the  senior  incumbency  of  this 
fellowship.  After  surrounding  himself  with  competent  assist¬ 
ants,  it  did  not  take  Foote  long  to  demonstrate  many  ways 
in  which  science  and  particularly  chemistry  and  physics 
could  be  applied  in  the  business  of  his  donor.  A  number  of 
researches  relating  principally  to  metallurgical  and  corro¬ 
sion  problems  and  to  drilling  practice  were  begun  and  car¬ 
ried  through  to  successful  conclusion.  In  1929  this  fellow¬ 
ship  had  increased  its  personnel  to  such  an  extent  that  it 
was  decided  to  erect  a  laboratory  building  near  the  Institute 
in  Pittsburgh.  This  step  was  taken,  and  the  building  was 
occupied  early  in  1930.  Shortly  afterward  the  Gulf  Research 
and  Development  Company  was  organized,  with  Foote 
as  the  executive  vice-president.4 

3  See  Chap.  VII,  p.  125. 

•  ’  •*  See  Chap.  VII,  p.  129. 
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Many  other  industrial  research  undertakings  have  owed 
much  to  the  assistance  and  inspiration  of  the  Mellon  Insti¬ 
tute,  but  the  results  of  the  work  of  Curme  and  Foote  are  so 
outstanding  that  they  seem  worthy  of  special  mention. 

The  Battelle  Memorial  Institute  was  founded  by  Gordon 
Battelle,  who  bequeathed  to  it  the  fortune  accumulated  by 
his  father,  John  G.  Battelle,  in  the  coal,  iron,  and  steel  busi¬ 
ness.  The  will  provided  for  the  building  and  endowment  of 
an  “Institute  for  the  purpose  of  education  and  creative  and 
research  work  and  the  making  of  discoveries  and  inventions 
for  industry. It  began  operations  in  1929.  Like  the  Mellon 
Institute,  the  Battelle  Institute  studies  specific  problems 
for  industrial  sponsors,  but  whereas  the  Mellon  Institute 
operates  on  a  group  system,  each  project  constituting  a  fel¬ 
lowship,  single  or  multiple,  the  Battelle  Institute  is  organ¬ 
ized  on  a  functional  system,  and  each  project  undertaken  is 
the  responsibility  of  the  Institute  as  a  whole.5  The  Institute 
provides  the  plant,  equipment,  and  the  personnel.  The  spon¬ 
sor  pays  for  the  time  of  the  personnel  assigned  to  the  enter¬ 
prise  and  the  out-of-pocket  costs.  The  contract  gives  the 
sponsor  all  rights  to  any  inventions  or  discoveries  made  by 
members  of  the  staff  while  working  on  the  project,  and  any 
patents  that  can  be  obtained  are  assigned  to  the  sponsor. 
The  large  sums  available  from  its  endowment  income  have 
enabled  the  Battelle  Institute  to  expand  rapidly.  In  1948  its 
total  annual  expenditure  had  reached  $5,500,000,  but  not  all 
of  this  was  for  industrial  research  since  the  Institute  has  a 
number  of  government  contracts. 

The  Battelle  Institute  has  specialized  in  the  industrial 
fields  associated  with  metals  and  fuels:  metallurgy — both 
ferrous  and  nonferrous — fuels,  ores  and  coal  preparation, 
foundry  and  casting  work,  steel  processing,  and  ceramics. 
The  Institute  is  organized  into  a  series  of  divisions  dealing 

5  Though  this  system  has  advantages,  it  has  disadvantages  also.  Under 
the  Meilon  system,  the  sponsor  has  a  specialized  staff  devoted  to  his  in¬ 
terests,  with  whom  his  own  employees  can  cooperate  and  from  whom  he 
can  transfer  men  to  his  own  employ,  as  in  the  cases  of  Curme  and  Foote. 
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with  specific  fields  of  work  and  is  supplemented  by  a  number 
of  service  departments.  Each  project  undertaken  is  assigned 
to  one  of  these  operating  divisions,  and  the  division  super¬ 
visor  undertakes  the  responsibility  for  the  work.  Men  within 
the  division  are  assigned  to  the  project,  but  they  are  ex¬ 
pected  to  use  the  skill  not  only  of  other  members  of  the 
division  but  of  any  members  of  the  staff  of  the  Institute. 

In  addition  to  serving  individual  companies,  the  Battelle 
Institute  does  research  for  a  number  of  cooperative  groups. 
Thus  the  Alloy  Casting  Institute  for  many  years  has  carried 
on  a  program  of  cooperative  research  for  a  number  of  foun¬ 
dries  specializing  in  heat-resistant  castings.  Bituminous  Coal 
Research,  Incorporated,  representing  some  400  to  500  pro¬ 
ducers  of  bituminous  coal,  is  sponsoring  an  extensive  pro¬ 
gram  at  Battelle.  The  Copper  and  Brass  Research  Associa¬ 
tion  conducted  a  program  for  its  membership  of  copper  and 
brass  manufacturers.  Fifteen  gray-iron  foundries  have  joined 
together  to  finance  a  study  of  their  common  problems 
through  the  Gray  Iron  Research  Institute.  A  number  of 
electrotype  and  stereotype  companies  have  formed  Printing 
Plates  Research,  Incorporated,  to  investigate  their  problems. 

The  Armour  Research  Foundation  of  the  Illinois  Institute 
of  Technology  was  developed  in  1936  from  the  industrial 
research  activities  of  the  Institute.  It  is  now  a  large  techno¬ 
logical  research  institute,  with  an  annual  expenditure  ap¬ 
proaching  $3,000,000,  and  operates  similarly  to  the  Battelle 
Institute.  It  specializes  in  the  fields  of  mechanical  and  elec¬ 
trical  engineering,  just  as  Battelle  specializes  in  metallurgy 
and  fuels.  It  has  also  a  large  division  of  chemistry  and  chem¬ 
ical  engineering. 

Regional  research  laboratories  have  been  developed  for 
the  exploitation  of  regional  resources  by  industrial  research. 
In  1925  the  New  England  Council  was  formed  to  assist  the 
economic  interests  of  the  New  England  states,  which  were 
tending  to  lose  some  of  their  important  industries.  Thus 
many  textile  factories  had  migrated  to  the  South,  and  the 
machine-tool  industry  was  developing  largely  in  the  Cleve- 
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land  and  Detroit  areas.  After  a  survey  of  the  position  of  the 
area  in  relation  to  research  and  development,  the  New  Eng¬ 
land  Industrial  Research  Foundation  was  formed  to  assist 
the  whole  region  in  the  development  of  its  industries. 

The  Midwest  Research  Institute  of  Kansas  City,  Mo.,  and 
the  Southern  Research  Institute  of  Birmingham,  Ala.,  are 
laboratories  of  the  Mellon  type  established  to  serve  the 
regions  of  the  country  in  which  they  are  located.  A  group  of 
businessmen  in  the  Kansas  City  area  felt  that  there  was 
some  danger  that  the  Middle  Western  area  might  fail  to 
develop  its  industrial  potentialities  and  might  rely  to  too 
great  an  extent  upon  agriculture.  They  therefore  organized 
the  Midwest  Research  Institute  in  the  belief  that  it  would 
stimulate  the  industries  of  the  region  and  assist  in  the  estab¬ 
lishment  of  new  industries.  Essentially  the  same  motives 
resulted  in  the  organization  of  the  Southern  Research  Insti¬ 
tute. 

In  1946  the  Stanford  Research  Institute  was  organized  to 
serve  the  industries  of  the  Pacific  coast.  It  is  located  at  Stan¬ 
ford  University  and  operates  along  the  same  lines  as  the 
older  technological  research  institutes. 

These  regional  laboratories  have  not  yet  had  time  to  dem¬ 
onstrate  their  full  value  by  the  results  achieved,  but  all  are 
flourishing  concerns  and  will  undoubtedly  be  of  value  to  the 
industries  in  their  sections  of  the  country. 

Until  recently,  there  were  no  institutes  in  Great  Britain 
corresponding  to  the  technological  research  institutes  of  the 
United  States,  but  since  the  end  of  the  war  two  institutes  of 
this  type  have  commenced  operations.  The  Fulmer  Research 
Institute  has  a  staff  of  60  persons,  16  of  them  with  univer¬ 
sity  degrees,  available  for  the  prosecution  of  sponsored  re¬ 
search.  The  annual  expenditure  is  approximately  £40,000, 
and  the  work  is  rather  along  the  lines  of  that  of  the  Battelle 
Memorial  Institute.  Another  new  organization  of  the  same 

type  is  the  Sondes  Place  Research  Institute,  with  a  staff 
of  30. 

A  number  of  American  universities  have  organized  indus- 
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trial  research  institutes.  Some  have  had  their  origin  in  pat¬ 
ented  inventions  made  by  members  of  the  university  faculty, 
which  have  been  assigned  to  a  foundation  to  be  developed 
and  exploited  by  licenses  to  industry.  Others  have  arisen 
from  requests  by  local  industries  for  scientific  advice  and 
assistance.  Such  organizations  are  the  Purdue  Research 
Foundation,  Chattanooga  Industrial  Research  Institute, 
University  of  Louisville,  Institute  of  Industrial  Research, 
Research  Foundation  at  Wichita,  Bureau  of  Industrial  Re¬ 
search  at  Denver,  Stevens  Research  Foundation,  Institute 
of  Industrial  Research  at  Syracuse,  Hormel  Institute  at  Aus¬ 
tin,  Minn.,  and  many  others. 

Doubt  was  expressed  in  the  first  edition  of  this  book  as  to 
whether  it  was  advisable  for  universities  to  undertake  indus¬ 
trial  research  as  a  part  of  their  activities.  Since  1920  there 
has  taken  place  the  great  expansion  of  the  technological 
research  institutes  outlined  in  this  chapter,  but  also,  as  is 
recorded  above,  many  universities  have  established  bureaus 
or  divisions  of  industrial  research  operated  by  members  of 
the  university  faculty. 

In  a  recent  article,  H.  A.  Toulmin,  Jr.,  expresses  his  con¬ 
sidered  belief  that  it  is  most  undesirable  for  a  university  to 
conduct  research  leading  to  the  making  of  patentable  inven¬ 
tions  rather  than  unpatentable  discoveries.6  Toulmin  thus 
uses  the  distinction  made  by  the  patent  law  between  inven¬ 
tions  and  discoveries  as  the  criterion  for  the  type  of  scientific 
research  which  should  be  undertaken  by  a  university. 

A  question  of  some  importance  in  this  connection  is  the 
remuneration  that  should  be  paid  by  the  industry  for  the 
scientific  assistance  it  receives.  Only  too  often  industries  con¬ 
sider  that  they  have  a  right  to  the  services  of  university  pro¬ 
fessors  without  charge  or  for  a  merely  nominal  fee.  There 
seems  to  be  no  justification  for  this  belief,  and  there  is  no 
reason  why  the  fees  charged  by  university  professors  for 
consulting  work  should  be  any  lower  than  those  of  any  other 

6  Toulmin,  H.  A.,  Jr.,  Commercial  Research  by  Universities  Threatens 
Science  and  Education,  Product  Engineering*,  18  (No.  6) :  81,  1947. 
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professional  man  of  equal  grade.  The  charging  of  low  fees  by 
university  teachers  is  further  open  to  the  criticism  that  the 
standard  of  charges  for  scientific  consultations  is  thereby 
lowered  and  consequently  scientific  men  dependent  on  con¬ 
sulting  fees  find  it  difficult  to  obtain  adequate  compensation. 

There  is  the  danger  that  a  professor  might  be  tempted  to 
do  so  much  industrial  work  that  he  could  not  attend  ade¬ 
quately  to  the  duties  of  his  post.  This  difficulty  is  met  in 
other  professional  positions  by  a  rule  preventing  a  man  from 
doing  outside  work,  and  if  this  rule  is  to  be  relaxed  in  the 
case  of  university  professors,  means  for  meeting  the  danger 
must  be  devised,  since  everyone  with  much  university  expe¬ 
rience  must  have  met  cases  where  the  work  of  a  department 
was  neglected  as  a  result  of  the  outside  interests  of  its  head. 
Another  danger  arising  from  the  conduct  of  work  of  com¬ 
mercial  importance  in  universities  is  the  introduction  of 
secrecy.  Industrial  sponsorship  may  involve  the  closing  off 
of  whole  sections  of  a  department  of  chemistry,  in  complete 
contradiction  to  the  professed  purpose  of  a  university — the 
diffusion  of  knowledge.  At  Harvard  University,  no  research 
is  permitted  under  conditions  that  require  secrecy.  It  may 
not  be  possible  for  all  the  universities  to  refuse  government 
contracts  involving  secrecy,  but  they  can  certainly  refuse  to 
accept  industrial  work  that  is  to  be  considered  secret. 

Criticism  of  universities  by  industrial  leaders  for  under¬ 
taking  industrial  research  with  the  acknowledged  danger  to 
the  academic  training  of  scientists  is  not  entirely  fair.  It 
must  be  remembered  that  in  a  number  of  cases  it  was  the 
industrial  concern  which  made  the  first  suggestion  to  the 
university  that  it  do  work  for  it  and  that  the  regulations 
1  egarding  secrecy  were  imposed  by  the  industrial  sponsor. 

ith  the  increased  difficulty  which  the  universities  are  hav¬ 
ing  to  obtain  funds  for  research,  it  is  not  surprising  that  they 
have  agreed  to  stipulations  which  are  not  in  consonance 
with  a  spirit  of  complete  academic  freedom.  On  the  other 
hand,  the  deliberate  plan  of  building  an  institute  of  indus¬ 
trial  research  within  tm?  framework  of  a  university,  as  has 
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been  followed  in  several  cases,  cannot  be  ascribed  solely  to 
pressure  applied  by  industry. 

However  the  provision  for  research  work  in  the  universi¬ 
ties  may  be  extended,  it  is  undesirable  for  the  industries  to 
rely  upon  the  universities  for  the  fundamental  work  required 
for  the  development  of  the  industry  itself.  The  application 
of  science  to  industry  is  essentially  a  function  of  the  organi¬ 
zation  of  industry  and  cannot  effectively  be  transferred  to 
other  agencies  such  as  those  suitable  for  teaching  or  for  the 
creation  of  original  knowledge.  It  is  vital  to  the  future  of 
research,  moreover,  that  the  universities  should  be  strength¬ 
ened  and  supported  for  their  own  work  and  that  any  diver¬ 
sion  of  their  energies  should  be  resisted. 

In  1919,  Jewett,  who  was  before  long  to  become  the  head 
of  the  greatest  industrial  research  organization,  wrote:  7 

The  matter  of  an  adequate  supply  of  properly  equipped  and 
trained  investigators  and  directors  of  research  is  absolutely  vital 
to  the  growth  of  industrial  research,  and  I  am  as  sure  as  one  can 
be  of  anything  in  the  world  that  all  of  our  visions  of  the  benefits 
to  be  derived  from  a  large  expansion  of  industrial  research  will 
come  to  naught  if  we  fail  to  realize  or  neglect  the  fact  that  in  the 
last  analysis  we  are  dependent  absolutely  upon  the  mental  pro¬ 
ductivity  of  men,  and  men  alone,  and  that  we  must,  in  conse¬ 
quence,  provide  adequately  for  a  continuous  supply  of  well  trained 
workers. 

Jewett  pointed  out  that  the  war  gravely  affected  the 
supply  of  fully  trained  scientific  men  and  that  the  stock  pile 
of  fundamental  knowledge  had  not  increased  appreciably 
during  the  years  of  war.8  He  said: 

We  must  continue  to  look  to  the  universities  and  colleges  for 
our  supply  of  trained  men — no  other  institutions  are  equipped  for 
this  task.  There  is  a  great  stimulus  to  both  teaching  and  research 
to  have  the  two  combined.  Any  purely  research  organization  has 

7  Jewett,  F.  B.,  Industrial  Research,  Transactions  of  the  Royal  Cana¬ 
dian  Institute,  12:117,  1919. 

8  See  Chap.  I,  p.  18. 
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a  large  tendency  to  become  narrowly  specialized  since  it  lacks  the 
necessity  of  reviewing  its  work  continuously  from  the  standpoint 
of  imparting  its  results  to  other  than  already  highly  trained  spe¬ 
cialists.  The  maintenance  of  our  graduate  schools  at  a  high  level 
of  efficiency  is,  therefore,  a  matter  of  the  utmost  importance  if  we 
as  a  nation  are  to  maintain  leadership  in  science  and  derive  maxi¬ 
mum  benefit  from  what  may  be  in  science. 


Whereas  some  of  the  university  research  foundations  have 
been  organized  to  serve  industry,  especially  local  industry, 
by  research,  others  originated  primarily  as  patent-holding 
corporations 9  Among  the  first  of  these  was  the  Wisconsin 
Alumni  Research  Foundation,  to  which  in  1925  Prof.  H.  S. 
Steenbock  assigned  his  patents  on  the  production  of  vitamin 
D  by  irradiation  with  ultraviolet  light.  The  legal  difficulties 
that  have  accompanied  the  licensing  and  enforcement  of 
these  patents  have  led  to  the  divorce  of  the  administration 
of  the  Foundation  from  the  University,  but  the  large  royal¬ 
ties  received  from  the  Steenbock  patents  have  formed  the 
nucleus  of  a  fund  used  for  the  support  of  research  in  the 
University.  The  Ohio  State  University  Research  Founda¬ 
tion,  established  in  1937,  has  acquired  a  number  of  valuable 
patents  and  has  licensed  manufacturers  to  use  them. 

An  interesting  organization  is  the  Research  Corporation. 
It  was  formed  in  1912  by  F.  G.  Cottrell  to  hold  certain  of  his 
patents  on  precipitation  of  small  particles  by  electrical 
means.  The  Research  Corporation  has  agreements  by  which 
it  also  handles  the  patentable  inventions  made  by  the  faculty 
and  staff  of  a  number  of  universities,  including  Columbia, 
Princeton,  and  the  Massachusetts  Institute  of  Technology! 
It  not  only  grants  licenses,  but  it  assists  in  the  commercial¬ 
ization  of  the  inventions,  and  all  surplus  funds  realized  are 
used  for  the  promotion  of  scientific,  rather  than  industrial 
research  It  is  probably  better  for  the  patents  of  a  university 
to  be  held  by  an  external  corporation,  such  as  the  Research 
Corporation,  ffian  to  be  controlled  directly  by  the  university 
A  valuable  survey,  “Survey  of  University  Patent  Policies” 
ished  by  the  National  Research  Council,  Washington,  D.C.,  1948 


120  Industrial  Scientific  Research 

The  holding  and  exploitation  of  patents  is  by  no  means 
easy.  Unless  well  done,  it  can  produce  a  most  undesirable 
amount  of  ill  will  and  can  involve  serious  risk  of  financial 
loss.  A  single  corporation  holding  a  large  number  of  patents 
can  employ  the  necessary  legal  and  operating  staff  and  can, 
at  the  worst,  divert  public  dissatisfaction  from  the  educa¬ 
tional  institutions. 


Chapter  VII 


Some  Large  Industrial  Laboratories 

_ 

The  greater  part  of  the  industrial  scientific  research  in 
the  United  States  is  carried  out  in  the  laboratories 
maintained  and  operated  by  commercial  firms.  There 
are  more  than  2,000  of  these  laboratories,  of  which  some  200 
are  of  considerable  size.1  To  enable  the  reader  to  form  a 
picture  of  the  development  and  structure  of  these  large  labo¬ 
ratories,  this  chapter  includes  descriptions,  obtained  from 
their  directors,  of  a  few  well-established  and  successful  insti¬ 
tutions.  They  are  merely  typical,  and  many  large  and  suc¬ 
cessful  laboratories  are  omitted.2 

The  Bell  Telephone  Laboratories  have  been  responsible 
for  the  technical  development  of  the  vast  telephone  system 
of  the  United  States.  The  telephone  itself  was  born  in  a 
research  laboratory,  and  the  Bell  Telephone  System,  which 
evolved  from  Alexander  Graham  Bell’s  work,  continued  to 
maintain  research  laboratories.  In  1925  the  Bell  Telephone 
Laboratories  were  incorporated  as  a  separate  company 
owned  jointly  by  the  American  Telephone  and  Telegraph 
Company  and  the  Western  Electric  Company,  the  manufac¬ 
turing  unit  of  the  system.  In  1934  the  development  and 
research  work  of  the  American  Telephone  and  Telegraph 
Company  was  consolidated  with  the  Laboratories. 

The  activities  of  the  Bell  Laboratories  cover  a  wide  range, 
from  fundamental  research  in  the  fields  of  physics  and  chem- 
1  See  Chap.  I,  p.  11. 

2  A  complete  list  of  the  industrial  research  laboratories  of  the  United 
States  is  published  by  the  National  Research  Council,  “Industrial  Re- 

DCCh1946J°rat0neS  °f  the  UnitGCi  States’”  Bulletin  Washington, 
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istry  through  development  and  design  engineering  to  specific 
design  for  manufacture,  to  meet  practical  field  operating 
requirements.  Like  other  industrial  laboratories,  the  Bell 
Laboratories  owe  much  to  their  first  director  and  organizer, 
F.  B.  Jewett,  as  well  as  to  the  many  pioneer  scientists  and 
engineers  of  the  early  telephone  era.  Jewett  was  transmis¬ 
sion  and  protection  engineer  of  the  American  Telephone  and 
Telegraph  Company  when  J.  J.  Carty,  chief  engineer  of  the 
company,  selected  him  as  the  leader  of  a  small  group  of  sci¬ 
entists  and  engineers  who  solved  the  technical  problems  of 
long-distance  telephone  transmission  by  wire  and  radio. 
When  the  Bell  Telephone  Laboratories  were  incorporated 
in  1925,  Jewett  was  the  obvious  choice  for  president.  He 
continued  in  that  position  until  1940,  when  he  was  made 
chairman  of  the  board,  continuing  as  a  vice-president  of  the 
American  Telephone  and  Telegraph  Company  in  charge  of 
development  and  research  until  his  retirement  in  1944. 

The  Laboratories  are  responsible  to  the  American  Tele¬ 
phone  and  Telegraph  Company  primarily  for  fundamental 
research  and  development  and  to  the  Western  Electric  Com¬ 
pany  for  development,  design,  and  engineering  of  apparatus 
and  equipment  for  manufacture.  The  Laboratories  are  di¬ 
vided  into  technical  departments  and  the  staff  departments 
necessary  for  operation.  The  technical  departments  are  Re¬ 
search,  Apparatus  Development,  and  Systems  Development. 
0.  E.  Buckley,  formerly  director  of  research,  is  now  presi¬ 
dent  of  the  Laboratories,  and  M.  J.  Kelly  is  executive  vice- 
president. 

The  Bell  Telephone  Laboratories  are  the  largest  industrial 
research  laboratory  in  the  world.  In  1940  the  total  staff 
numbered  4,600,  of  whom  about  2,000  were  professionally 
trained.  During  the  Second  World  War,  the  staff  increased 
to  more  than  8,000,  and  at  the  present  time  it  is  about  6,000. 
Headquarters  of  the  Laboratories  are  in  a  large  building  on 
West  Street  in  New  York  City,  and  for  many  years  this 
building  housed  all  its  activities.  In  1941  a  building  specially 
designed  for  laboratory  work  was  erected  at  Murray  Hill, 
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N.J.,  and  an  additional  unit  of  about  the  same  size  has 

recently  been  completed  there. 

Buckley  summarizes  the  work  of  the  Laboratories  as  fol¬ 
lows:  3 


Its  attention  is  focused  on  the  single  field  of  electrical  commu¬ 
nication.  In  that  field  it  covers  the  full  gamut  of  technical  mat¬ 
ters  relating  to  the  telephone,  both  wire  and  radio,  starting  with 
the  very  fundamentals  of  speech  and  hearing  and  the  physics  and 
chemistry  of  the  various  elements  that  make  up  the  complex  tele¬ 
phone  plant.  It  combines  knowledge  gained  from  fundamental 
research  with  intimate  knowledge  of  performance  requirements 
in  the  design  of  instruments,  apparatus,  and  equipment  which  it 
develops  to  the  point  where  they  are  ready  for  production.  It  also 
tests  out  new  products  under  actual  conditions  of  use,  prepares 
information  for  maintenance  and  operation,  and  continues  to 
make  studies  of  behavior  of  these  products  throughout  their  sub¬ 
sequent  life. 

In  this  process,  a  piece  of  telephone  equipment  is  considered 
not  as  an  item  to  be  appraised  by  itself  but  as  an  operating  unit 
of  the  system  of  which  it  is  to  be  a  part.  From  the  very  nature  of 
telephony,  it  is  essential  that  the  parts  of  the  system  fit  together 
and  be  engineered  to  that  end  to  a  degree  required  in  few  other 
fields.  Consequently,  “systems  engineering”  has  played  a  domi¬ 
nant  part  in  every  aspect  of  Bell  Laboratories’  work. 

Another  feature  that  distinguishes  the  methods  of  Bell  Tele¬ 
phone  Laboratories  is  its  close  association  on  one  hand  with  the 
Western  Electric  Company  as  manufacturer,  and  on  the  other 
hand  with  the  Operating  Companies  of  the  Bell  System.  These 
associations  make  possible  intelligent  engineering  of  equipment 
for  economical  production  as  well  as  engineering  for  reliable 
service  as  part  of  an  intricate  system. 


Research  in  the  chemical  industry  is  of  the  divergent 
rather  than  the  convergent  type.  Chemicals  are  so  varied  in 
properties  and  application  that  the  laboratory  work  of  a 
chemical  company  cannot  be  concentrated  toward  a  single 
purpose  oi  even  a  group  of  purposes. 

The  earliest  organized  research  effort  in  the  American 

,J„BlCk!ey’  .°‘  E-’  Bel1  Laboratories  in  the  War,  Bell  Telephone  Maqa - 
zxne,  23  (winter  issue) :  227,  1944-1945  H  wag  a- 
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chemical  industry  was  that  of  the  du  Pont  Company  when, 
in  1902,  it  erected  the  Eastern  Laboratory  for  research  on 
explosives.  The  first  director  of  the  Laboratory  was  C.  L. 
Reese,  who  subsequently  became  the  company’s  first  chemi¬ 
cal  director.  He  was  succeeded  as  director  of  the  chemical 
department  by  C.  M.  A.  Stine,  and  he,  in  turn,  by  E.  K. 
Bolton.  These  men  have  played  an  important  role  in  devel¬ 
oping  the  du  Pont  Company  from  its  beginnings  as  a  pro¬ 
ducer  only  of  explosives  into  the  greatest  chemical  manu¬ 
facturing  company  in  the  world.  In  1916  the  shortage  of 
dyes,  which  had  largely  been  imported  from  Germany,  in¬ 
duced  the  company  to  start  the  production  of  dyes  and  dye 
intermediates  and  thus  enter  the  general  organic-chemical 
field.  Today  the  company’s  organic-chemicals  department 
also  makes  accelerators  and  antioxidants  for  the  rubber  in¬ 
dustry,  tetraethyl  lead  for  use  in  gasoline,  synthetic  cam¬ 
phor,  wetting  agents,  and  many  other  organic  chemicals.  In 
1932,  the  production  of  neoprene  was  commenced,  a  syn¬ 
thetic  rubber  made  by  polymerizing  chlorobutadiene.  Cello¬ 
phane  production,  started  in  1934  with  the  purchase  from 
La  Cellophane  of  the  process  of  making  cellulose  film,  has 
been  expanded  into  an  enormous  business.  Ammonia,  meth¬ 
anols,  and  other  organic  chemicals  are  made  by  catalytic 
high-pressure  syntheses.  The  latest  outstanding  achieve¬ 
ment  of  du  Pont  research  is  nylon,  produced  by  the  conden¬ 
sation  of  hexamethylene  diamine  and  adipic  acid. 

In  1911  a  centralized  chemical  department  was  estab¬ 
lished  to  take  care  of  all  du  Pont  research  activities,  and 
this  was  in  operation  for  about  10  years.  In  1921,  how¬ 
ever,  the  company  underwent  a  complete  reorganization. 
Several  operating  departments  were  established,  each  with 
its  own  field  of  work.  Each  operating  department,  of  which 
there  are  now  10,  has  manufacturing,  sales,  and  research 
divisions.  Their  research  directors  are  on  the  same  organiza¬ 
tion  level  as  the  directors  of  their  manufacturing  and  sales 
divisions  and  are  responsible  directly  to  the  general  man- 
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ager  of  the  department.  The  company  now  operates  36 
research  laboratories  with  a  total  staff  of  about  5,000. 

In  addition  to  the  operating-department  research  organi¬ 
zations,  the  du  Pont  Company  has  a  central  chemical  de¬ 
partment  with  laboratories  at  the  Experimental  Station  in 
Wilmington,  Del.  The  director  of  this  department  has  the 
same  status  as  the  general  managers  of  operating  depart¬ 
ments;  he  reports  directly  to  the  president  of  the  company 
and  the  executive  committee  and  serves  as  adviser  on  re¬ 
search  activities  to  all  the  operating  departments.  The  chem¬ 
ical  department  engages  in  both  pioneering  applied  research 
and  fundamental  research  directed  to  the  discovery  of  new 
scientific  facts  without  regard  to  immediate  commercial  use. 
Extensive  research  is  also  carried  out  by  du  Pont’s  engineer¬ 
ing  department  and  by  the  Haskell  Laboratory  of  Industrial 
Toxicology,  a  unit  of  the  company’s  medical  division. 

An  example  of  diversified  and  decentralized  research  is 
found  in  the  Union  Carbide  and  Carbon  Corporation.  In 
each  of  the  different  fields  covered,  the  research  may  be 
traced  back  to  pioneer  work  done  before  the  founding  of  the 
company  or  companies  producing  in  that  field.  The  corpora¬ 
tion  itself  was  founded  by  a  union  of  several  companies  hav¬ 
ing  diverse  activities.  Among  them  were  the  Union  Carbide 
Company  and  the  Electro  Metallurgical  Company,  which 
grew  up  as  a  result  of  the  pioneer  work  of  T.  L.  Willson  and 
F.  M.  Becket  on  calcium  carbide  and  other  products  of  the 
electric  furnace.  The  Linde  Air  Products  Company  was  one 
of  those  resulting  from  C.  von  Linde’s  work;  and  the  Na¬ 
tional  Carbon  Company,  Inc.,  was  the  result  of  pioneer 
research  by  E.  G.  Acheson  and  others.  The  production  of 
synthetic  organic  chemicals  originated  in  a  Mellon  Institute 
fellowship  (Chap.  VI,  page  112).  The  research  and  produc¬ 
tion  in  the  plastics  field  are  related  in  part  to  those  activities 
on  organic  chemicals  and  in  part  may  be  traced  back  to  the 
discoveries  of  L.  H.  Baekeland,  a  pioneer  in  the  field  of 
thermosetting  resins. 
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At  one  time  it  seemed  desirable  to  consolidate  the  research 
work  of  the  corporation,  and  to  effect  this  the  Union  Carbide 
and  Carbon  Research  Laboratories,  Inc.,  was  established. 
The  need  for  closer  integration  of  the  research  work  with 
the  operating  plants,  however,  soon  made  itself  felt,  and  at 
the  present  time  the  activities  of  the  above-mentioned  labo¬ 
ratory,  now  located  at  Niagara  Falls,  N.Y.,  are  restricted, 
for  the  most  part,  to  work  related  to  alloys.  The  need  for  a 
certain  amount  of  coordination  of  all  the  research  has  ex¬ 
pressed  itself  in  the  formation  of  a  research  committee,  but 
the  individual  laboratories  are  responsible  rather  to  indi¬ 
vidual  members  of  this  committee  than  to  the  committee  as 
a  whole.  The  research  on  industrial  gases  is  conducted  prin¬ 
cipally  at  the  laboratory  of  the  Linde  Air  Products  Com¬ 
pany  in  Tonawanda,  N.Y.  The  research  on  carbon  is  done  in 
Cleveland  in  the  laboratory  of  the  National  Carbon  Com¬ 
pany,  Inc.  The  Carbide  and  Carbon  Chemicals  Corporation 
operates  a  research  laboratory  at  South  Charleston,  W.  Va., 
in  the  fields  of  synthetic  organic  chemicals  and  plastics,  and 
another  plastics  research  laboratory  is  operated  by  the  Bake- 
lite  Corporation  at  Bloomfield,  N.J. 

Although  emphasizing  the  need  for  integration  of  indus¬ 
trial  research  and  development  with  production,  which  is 
their  only  object,  the  corporation  maintains  a  strict  division 
between  its  research  departments  and  the  experimental  work 
conducted  by  the  production  and  the  sales  departments  for 
their  own  purposes.  The  production  and  sales  departments 
are  supplied  with  adequate  laboratories  to  conduct  the  ex¬ 
perimental  work  on  their  own  problems  without  disturbing 
the  research  work,  which  is  designed  to  offer  entirely  new 
possibilities.  Contacts  between  the  research  and  develop¬ 
ment  department  and  the  production  and  sales  departments 
are  encouraged  and  found  to  be  mutually  stimulating,  but 
the  requisite  separation  of  responsibilities  is  effected  by 
establishing  one  or  more  separate  laboratories  for  each  ot 
these  departments.  In  all,  23  experimental  laboratories  are 
thus  maintained,  with  a  total  personnel  of  2,300. 
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The  modern  petroleum  industry  owes  its  position  to  or¬ 
ganized  research.  R.  P.  Russell,  former  president  of  the 
Standard  Oil  Development  Company,  says. 

Radical  improvements  in  locating  oil,  major  advances  in  drill¬ 
ing  and  bringing  oil  to  the  surface,  and  revolutionary  new  proc¬ 
esses  to  improve  the  yield  and  quality  of  desired  products  have 
enabled  the  oil  industry  not  only  to  keep  pace  with  the  world’s 
constantly  growing  demand  for  petroleum  products,  but  have 
resulted  in  mounting  improvements  in  quality  without  long-term 
price  increases. 

During  recent  years,  oil  research  scientists  have  discovered 
methods  for  obtaining  from  petroleum  a  wide  range  and  variety 
of  new  products  or  of  products  which  previously  were  derived 
from  other  raw  materials.  Synthetic  rubber,  many  kinds  of  alco¬ 
hols,  fertilizers,  solvents,  insecticides,  detergents,  and  numerous 
chemicals  might  be  mentioned. 


The  present  intensive  research  of  the  petroleum  industry 
started  about  1919,  when  the  development  department  of 
the  Standard  Oil  Company  of  New  Jersey  was  organized.  In 
1927  the  whole  of  the  research  and  development  activities  of 
the  company  was  taken  over  by  the  Standard  Oil  Develop¬ 
ment  Company,  organized  for  the  purpose.  The  total  staff 
numbers  approximately  2,500,  about  double  that  employed 
before  the  Second  World  War. 


One  of  the  most  important  applications  of  research  in  the 
petroleum  industry  is  to  the  refining  processes  by  which 
various  commercial  materials  are  produced  from  the  crude 


oil.  In  the  early  days  of  the  industry,  the  oil  was  simply 
distilled.  The  lighter  fractions  were  used  as  gasoline,  for 
which  there  was  little  demand;  then  the  valuable  kerosene 
fraction,  then  lubricating  oil,  and  finally  waxes  and  asphalt 
were  produced.  As  the  demand  for  gasoline  increased  that 
fraction  was  increased  by  including  in  it  material  boiling 
over  a  wider  range,  but  the  outlook  would  have  been  very 

^Russell,  R.  P.,  “The  Organization  of  Industrial  Research,”  lecture 
delivered  under  the  auspices  of  the  Industrial  Research  Committee  of  the 
Federation  of  British  Industries,  London,  June  9,  1947 
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bad  if  the  “cracking”  processes  of  J.  Dubbs  and  W.  M.  Bur¬ 
ton  had  not  been  discovered. 

To  exploit  the  Dubbs  cracking  process,  the  Universal  Oil 
Products  Company  was  formed,  in  whose  laboratory  re¬ 
search  has  led  to  such  developments  as  the  catalytic  poly¬ 
merization  process  and  the  alkylation  process  used  in  the 
production  of  high-octane  gasoline.  Burton’s  work  was  done 
in  the  laboratory  of  the  Standard  Oil  Company  of  Indiana, 
which,  under  Ihe  direction  of  R.  E.  Wilson,  later  specialized 
in  the  application  of  chemical  engineering  to  refinery  prob¬ 
lems.  From  the  intensive  research  on  thermal  cracking,  a 
large  combination  cracking  unit  was  developed  that  is 
capable  of  producing  more  than  75  per  cent  of  high-octane 
gasoline  from  crude  oil.  Thermal  cracking  was  followed  by 
catalytic  cracking,  which  was  adopted  about  1937.  Catalytic 
cracking  has  produced  a  much  higher  octane  gasoline  than 
could  be  made  by  thermal  cracking  alone.  Today  the  indus¬ 
try  makes  about  40  per  cent  gasoline  from  crude  oil,  about 
twice  the  natural  content.  The  catalytic  cracking  process 
now  most  widely  used  is  one  known  as  the  fluid  catalyst 
cracking  process. 

In  addition  to  its  work  on  the  use  of  oil  for  fuel,  the  petro¬ 
leum  industry  has  carried  out  research  work  on  lubrication 
which  has  been  of  the  greatest  importance.  The  primitive 
lubricating  oils  obtained  by  simple  distillation  of  crude  oil 
have  now  been  replaced  by  compounded  lubricants  having 
properties  adjusted  to  their  special  use. 

During  the  Second  World  War,  the  petroleum  industry 
not  only  increased  its  production  of  high-octane  gasoline 
many  times  to  meet  the  requirements  of  the  Air  Forces  but 
also  played  an  important  part  in  the  production  of  synthetic 
rubber.  Nearly  900,000  tons  a  year  were  required  to  replace 
the  natural  rubber  the  supply  of  which  was  in  Japanese 
hands.  The  petroleum  industry  offers  an  interesting  example 
of  the  use  of  scientific  research  in  a  highly  competitive  in¬ 
dustry  the  units  of  which  compete  not  only  in  production 
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and  merchandising  but  in  the  continual  development  of  new 
products  and  processes. 

The  work  of  the  Standard  Oil  Development  Company  and 
of  other  large  research  laboratories  serving  the  petroleum 
industry  has  been  based  almost  entirely  upon  the  refining 
of  crude  petroleum  and  the  development  from  it  of  products 
with  which  to  meet  the  demands  of  the  consumer.  Problems 
having  to  do  with  the  discovery  and  production  of  petro¬ 
leum  are  studied  for  the  most  part  in  separate  laboratories, 
usually  located  close  to  the  principal  petroleum-producing 
areas  of  the  United  States.  The  Gulf  Research  &  Develop¬ 
ment  Company,  a  subsidiary  of  the  Gulf  Oil  Corporation,  is 
a  notable  exception,  and  its  organization  of  research  justifies 
detailed  description. 

As  already  pointed  out  (Chap.  VI,  page  112),  the  Gulf  Re¬ 
search  &  Development  Company  is  the  outgrowth  of  a  mul¬ 
tiple  fellowship  established  in  1927  at  the  Mellon  Institute 
of  Industrial  Research  in  Pittsburgh  to  consolidate  and  ex¬ 
pand  the  production  and  pipe-line  research  of  the  Gulf  Oil 
Corporation.  Under  the  guidance  of  Foote,  who  had  been 
brought  from  the  Bureau  of  Standards  laboratory,  the  work 
of  the  fellowship  progressed  rapidly  and  profitably. 

Geophysical  methods  of  petroleum  prospecting  were  be¬ 
ginning  to  arouse  interest  among  oil  companies,  and  Gulf 
had  been  using  the  services  of  independent  geophysical  pros¬ 
pecting  companies  for  seismic  and  gravity  surveys.  The  deci¬ 
sion  was  made  to  take  part  in  the  development  of  this  new 
science,  and  late  in  1928  E.  A.  Eckhardt,  a  pioneer  in  Ameri¬ 
can  geophysical-instrument  development,  was  engaged  to 
oiganize  a  leseaich  group  to  develop  this  phase  of  petro¬ 
leum  research.  In  1929  Eckhardt  became  assistant  director 
of  research  and  in  1941  was  elected  vice-president.  From  this 
early  enterprise  there  grew  an  organization  that  was  to  direct 
and  correlate  the  operations  of  as  many  as  35  field  parties, 
which  have  made  magnetic,  seismic,  and  gravity  surveys  in 
“4  states  as  well  as  in  many  parts  of  the  world. 
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Shortly  after  its  founding,  the  research  organization  was 
outgrowing  its  facilities  at  the  Mellon  Institute.  The  geo¬ 
physical  group  was  quartered  in  an  office  building  in  down¬ 
town  Pittsburgh;  the  formation  of  a  mechanical  engineer¬ 
ing  group  was  contemplated,  to  study  mechanical  problems 
arising  from  production  and  pipe-line  operations;  and  the 
original  group  was  rapidly  growing  in  size  and  scope.  Plans 
were  drawn  for  a  new  laboratory  building  to  be  located  near 
the  Institute,  and  early  in  1930  this  building  was  occupied 
by  what  was  known  as  the  Research  Department  of  the  Gulf 
Production  Company,  a  Texas  subsidiary. 

The  consolidated  research  organization  was  subdivided 
into  eight  divisions:  business  management,  chemistry,  cor¬ 
rosion,  engineering,  geology,  geophysics,  materials  engineer¬ 
ing,  and  physics.  Although  the  divisions  named  were  con¬ 
cerned  mainly  with  production  and  pipe-line  problems,  they 
formed  the  organizational  structure  upon  which  the  present 
company  functions. 

In  1933  the  Gulf  research  group  lost  its  direct  connection 
with  the  production  and  pipe-line  departments  by  incorpo¬ 
rating  as  the  Gulf  Research  &  Development  Corporation 
(renamed  the  Gulf  Research  &  Development  Company  in 
1936),  a  subsidiary  of  the  Gulf  Oil  Corporation,  with  Foote 
as  executive  vice-president  and  director  of  research.  The 
change  was  more  than  one  in  name,  for  many  lines  of  inves¬ 
tigation  not  originating  in  production  and  pipe-line  opera¬ 
tions  were  being  pursued. 

In  1935  a  full-scale  petroleum  research  center  was  estab¬ 
lished  on  a  57-acre  tract  of  land  near  Harmarville,  Pa.,  about 
13  miles  northeast  of  Pittsburgh.  Three  large  laboratory 
buildings  comprising  a  gross  floor  area  of  83,000  square  feet 
were  occupied  by  approximately  250  employees,  with  250 
more  in  the  field  engaged  in  geophysical  operations.  By  1948 
the  personnel  had  increased  to  1,000  employees  at  Harmar¬ 
ville  and  500  in  the  field.  The  gross  floor  area  amounted  to 
327,000  square  feet,  with  plans  for  another  150,000  square 

feet. 
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The  original  divisional  organization  has  been  maintained, 
with  a  few  modifications.  The  chemistry  division  is  con¬ 
cerned  with  the  chemical  aspects  of  refining,  manufacturing, 
and  sales  research;  the  geophysical  operations  division  ini¬ 
tiates,  directs,  and  interprets  geophysical  field  operations; 
the  geophysical  development  division  develops  geophysical 
instruments  and  procedures;  the  engineering  division  con¬ 
ducts  research  on  all  types  of  mechanical  problems,  supplies 
mechanical  facilities  for  testing  fuels  and  lubricants,  and 
maintains  a  high-grade  machine  shop  with  drafting  facilities 
for  the  design  and  fabrication  of  geophysical  instruments 
and  research  equipment;  the  materials  and  production 
chemistry  division  carries  on  mainly  production  and  pipe¬ 
line  work,  including  corrosion,  materials  testing,  and  well 
treatment;  the  physics  division  is  responsible  for  fundamen¬ 
tal  studies  on  production  problems,  as  well  as  the  develop¬ 
ment  and  operation  of  physical  methods  of  analysis;  the 
geology  division  concerns  itself  with  the  geological  phases 
of  Gulf  operations;  and  the  business-management  division 
handles  the  business  affairs  of  the  laboratory,  maintains  a 
technical  library,  operates  a  cafeteria,  furnishes  graphic- 
reproduction  services,  and  provides  maintenance  of  build¬ 
ings  and  grounds. 

Cooperative  work  between  the  various  divisions  of  the 
Gulf  Research  &  Development  Company  is  the  rule  rather 
than  the  exception.  It  is  not  uncommon  for  two  or  more 
divisions  to  be  working  on  different  phases  of  a  single  re¬ 
search  project  at  the  same  time.  Free  interchange  of  infor¬ 
mation  and  ideas  between  divisions  is  encouraged,  and  the 
performance  of  service  work  by  one  division  for  another  is 
convenient  and  prompt. 

The  General  Laboratories  of  the  United  States  Rubber 
Company  were  started  in  1913.  From  the  time  of  their  incep¬ 
tion,  the  director  has  reported  either  to  the  vice-president  in 
charge  of  development  or  to  the  president  of  the  company. 
The  Laboratories  act  as  a  central  laboratory  for  research 
and  development  and  have  helped  all  of  the  operating  divi- 
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sions  of  the  company  on  their  own  problems.  They  have 
done  fundamental  work  on  the  raw  materials  and  processes 
used  by  the  company  and  on  the  improvement  of  products 
and  pi  ocesses  particularly  by  the  application  of  new  techni¬ 
cal  knowledge  resulting  from  such  investigations.  They  have 
devised  new  processes  to  make  new  or  improved  products 
and  have  developed  a  number  of  important  new  products. 

Each  operating  division  of  the  company  has  its  own  devel¬ 
opment  department.  Close  liaison  is  maintained  between 
the  General  Laboratories  and  the  operating-division  devel¬ 
opment  groups.  It  is  by  these  groups  that  the  results  of  work 
at  the  General  Laboratories  are  applied  to  the  operations  of 
the  company. 

Some  of  the  most  fruitful  early  work  was  in  the  field  of 
accelerators  and  antioxidants.  As  a  result  of  this  work,  great 
improvements  were  made  in  the  quality  of  rubber  products, 
particularly  tires,  and  also  a  substantial  and  profitable  new 
business  in  “rubber  chemicals”  was  developed.  Later  work  in 
the  field  of  organic  chemistry  led  to  several  agricultural 
chemicals  now  in  commercial  use. 

In  1928  physical  research  in  relation  to  rubber  was  started 
and  has  continued  ever  since.  This  work  has  contributed  im¬ 
portant  improvements  in  uniformity  of  processing  and  im¬ 
provements  in  quality  and  uniformity  of  products.  The 
Mooney  plastometer  was  designed  to  measure  the  plasticity 
of  rubber,  and  a  test  for  the  degree  of  vulcanization  is  widely 
used. 

After  the  close  of  the  First  World  War,  the  Laboratories 
started  a  study  of  the  latex  of  natural  rubber.  Much  work 
was  done  on  the  adaptation  of  latex  to  industrial  uses  and 
on  its  utilization  in  the  direct  production  of  new  and  im¬ 
proved  products.  Though  a  great  deal  of  this  work  had  its 
origin  in  inventive  activity,  a  large  amount  of  scientific  and 
technical  investigation  was  required  to  provide  a  stable  raw 
material  and  to  develop  usable  processes.  This  work  in¬ 
volved  particularly  physical  chemistry  and  also  engineering 
and  physics.  It  was  also  necessary  to  develop  a  new  technol- 
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ORT  to  permit  the  use. of  an  old  material  in  a  new  physical 
form.  As  a  result,  several  highly  important  products  were 
developed,  such  as  latex  thread,  leading  to  the  textile  product 
known  as  Lastex,  latex  insulated  wire,  latex  paper,  latex- 
dipped  goods,  weftless  fabric  for  tires,  and  compounded 

latices  sold  for  use  as  adhesives. 

A  large  amount  of  work  has  been  carried  out  in  the  field 
of  high-polymer  chemistry,  particularly  relating  to  synthetic 
rubber.  Some  was  fundamental  (as  to  motive)  and,  as  would 
be  expected,  produced  results  of  both  theoretical  and  prac¬ 
tical  interest. 

An  important  activity  of  the  General  Laboratories  has 
been  the  selection  and  training  of  technical  personnel  who 
have  been  transferred  to  other  technical  groups  in  the  com¬ 
pany.  Some  of  these  alumni  have  later  been  transferred  to 
managerial  and  other  responsible  positions. 

With  other  laboratories  of  the  company  and  of  the  rubber 
industry,  this  laboratory  participated  in  the  great  advances 
in  rubber  technology  which  have  occurred  since  the  First 
World  War.  It  has  been  estimated  that  the  tire  cost  per 
10,000  miles  was  reduced  from  $163  in  1920  to  $38.30  in 
1936.  The  chemists  and  engineers  of  the  rubber  industry 
played  an  important  role  in  accomplishing  this  result. 

The  General  Laboratories  have  been  active  in  developing 
new  products.  In  addition  to  the  new  products  already  men¬ 
tioned,  hard-rubber  battery  separators  and  fine  asbestos  fab¬ 
rics,  known  as  Asbeston,  and  new  plastics  have  been  devel¬ 
oped.  The  net  operating  profits  from  new  products  during  a 
period  of  16  years  amounted  to  several  times  the  entire  cost 
of  the  Laboratories  during  the  period,  although  the  cost  of 
the  work  on  the  new  products  was  only  a  fraction  of  the 
total  cost.  Moreover,  the  present  annual  profits  from  these 
projects  exceed  the  annual  cost  of  the  Laboratories. 

Founded  in  1900,  the  General  Electric  Research  Labora¬ 
tory  was  the  first  industrial  laboratory  in  America  dedicated 
to  fundamental  scientific  research.  The  company  recognized 
the  fact  that  the  electrical  industry  owed  its  existence  and 
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current  state  of  development  to  the  fundamental  researches 
of  Maxwell,  Faraday,  Henry,  and  their  contemporaries  and 
that,  without  a  continuous  supply  of  new  scientific  discov¬ 
eries  upon  which  to  build,  engineering  development  and  the 
corresponding  industrial  activity  must  eventually  slow 
down.  The  Laboratory  was  established  to  carry  on  research 
in  pure  science  unhampered  by  the  necessity  for  immediate 
industrial  application.  At  the  turn  of  the  century,  when  the 
Laboratory  was  organized,  the  idea  was  new  in  American 
industry. 

The  organizer  and  director  of  the  Laboratory  for  33  years 
was  W.  R.  Whitney,  who  began  his  scientific  career  as  a  re¬ 
search  chemist  at  the  Massachusetts  Institute  of  Technol¬ 
ogy.  He  undertook  the  organization  of  the  Laboratory  in  a 
barn  at  the  home  of  C.  P.  Steinmetz,  the  famed  mathemati¬ 
cal  genius  of  the  electrical  industry.  In  these  unpretentious 
quarters,  Steinmetz  and  Whitney  set  about  assembling  a 
scientific  staff,  organizing  a  program  of  research,  and  estab¬ 
lishing  a  research  policy  that  was  destined  to  set  the  pattern 
for  industrial  research  laboratories  throughout  the  world. 
From  the  beginning,  it  has  been  the  policy  of  the  Laboratory 
to  permit  the  maximum  possible  freedom  for  the  individual 
scientist  to  pursue  investigations  along  the  lines  of  his  prin¬ 
cipal  interests.  The  established  traditions  of  cooperative 
effort,  free  interchange  of  information,  and  prompt  publica¬ 
tion  of  results  have  paid  great  dividends  in  improving  and 
multiplying  the  company’s  products,  in  broadening  the  hori¬ 
zons  of  the  electrical  industry,  and  in  making  significant 
contributions  to  the  security  and  welfare  of  the  country. 

In  its  early  years,  much  of  the  Laboratory’s  effort  was 
requisitioned  from  time  to  time  for  problems  arising  in  engi¬ 
neering  design  and  factory  process,  but  the  creation  of  other 
special  laboratories,  of  which  there  are  now  more  than  20 
within  the  company,  has  relieved  the  research  laboratory 
of  much  of  its  service  work.  This  arrangement  has  permitted 
the  concentration  of  greater  effort  on  the  original  prime 
objective,  fundamental  research,  so  that  a  great  range  of 
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scientific  investigation,  from  cloud  nucleation  to  atomic 
energy,  is  included  in  the  current  work  of  the  Laboratory. 

From  basic  researches  in  pure  science  have  come  a  legion 
of  industrial  applications.  A  notable  example  taken  from 
the  early  work  of  the  Laboratory  is  its  contribution  to  the 
development  of  the  modern  incandescent  lamp,  with  its 
ductile  tungsten  filament  and  gas  filling,  an  innovation  that 
superseded  the  carbon-filament  lamp  and  profoundly  influ¬ 
enced  the  quality  and  economy  of  artificial  lighting  and  pro¬ 
vided  a  great  stimulant  to  the  electrical  industry  as  a  whole. 
Illumination  problems  are  a  continuing  concern  to  the  Labo¬ 
ratory,  and  present  investigations  in  phosphorescence  and 
fluorescence  are  proving  fruitful  in  fluorescent  lighting  and 
television. 

Another  field  in  which  the  Laboratory  pioneered  and  in 
which  it  continues  to  have  an  active  interest  is  x-rays.  The 
Coolidge  x-ray  tube,  introduced  in  1913,  revolutionized  the 


art  and  greatly  extended  the  power  and  utility  of  x-rays. 
Current  research  in  this  field  is  concerned  with  the  develop¬ 
ment  of  high-energy  generators  of  x-rays  for  both  medical 
and  industrial  applications  and  with  studies  of  the  biologi¬ 
cal  effects  of  high-energy  radiation. 

General  Electric  research  in  electronics  dates  back  to  the 
early  investigations  of  I.  Langmuir  on  thermionic  emission 


and  the  effect  of  electron  space  charge.  The  application  of 
the  basic  principles  of  electron  emission  to  specific  problems 
has  led  to  a  great  variety  of  electron  tubes.  A  significant 
contribution  in  this  field  was  the  introduction  of  the  tho¬ 
rium-coated  cathode.  The  development  of  vacuum-tube  os¬ 
cillators  and  rectifiers  of  large  power  output  has  had  a  pro- 
ound  influence  on  the  growth  of  radio  broadcasting.  The 
grid-controlled  gas-discharge  tube  developed  by  A.  W.  Hull 
known  as  the  thyratron,  has  played  a  fundamental  role  in 
the  field  of  industrial  power  control.  The  magnetron,  con¬ 
ceived  by  Hull  in  1921  and  subsequently  developed  in  the 

Laboratory  is  a  powerful  source  of  continuous  high-fre- 
quency  oscillations.  s  e 
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Investigations  in  the  Laboratory  in  the  field  of  chemistry 
have  resulted  in  improved  processes  and  new  products  of 
great  variety.  Prominent  among  new  products  are  insulating 
materials,  protective  coatings,  and  decorative  finishes.  The 
synthetic  resin  known  as  Glyptal  and  the  Formvar  resin 
used  as  wire  insulation  are  noteworthy  examples. 

The  development  of  the  silicones  is  an  excellent  illustra¬ 
tion  of  the  progress  of  an  investigation  from  the  research 
stage,  through  the  engineering  development,  to  full-scale 
industrial  application.  When  a  study  of  these  materials  was 
begun  in  the  Laboratory  in  1938,  the  objective  was  not  to 
produce  a  specific  product  to  meet  a  definite  need;  the 
undertaking  was  merely  the  result  of  scientific  curiosity 
about  a  unique  family  of  chemical  compounds.  After  an 
intensive  research  program,  which  revealed  a  variety  of 
interesting  possibilities,  the  production  of  silicone  materials 
was  reduced  to  practice  in  a  pilot  plant  in  the  Laboratory 
and  subsequently  in  the  new  General  Electric  silicone  plant 
at  Waterford  N.Y.,  which  was  completed  in  1947. 

Since  its  founding  in  1900,  the  growth  of  the  Laboratory 
has  paralleled  the  growth  of  the  company  and  the  expansion 
of  American  industry  as  a  whole.  From  its  birthplace  in  a 
barn,  the  Laboratory  has  progressed  through  a  series  of 
expansions,  culminating  in  the  new  research  laboratory  at 
The  Knolls,  on  the  bank  of  the  Mohawk  River  about  5  miles 
from  Schenectady.  The  first  unit  of  this  modern  laboratory 
is  now  occupied,  and  the  remaining  portion  is  scheduled  for 
completion  early  in  1950.  In  addition  to  the  main  building, 
there  are  separate  buildings  for  high-voltage  nuclear  re¬ 
search,  low-temperature  investigations,  and  chemical  pilot- 
plant  work.  Nearby,  the  Knolls  Atomic  Power  Laboratory 
of  the  Atomic  Energy  Commission  is  under  construction. 
Operated  by  the  research  laboratory  for  the  government, 
this  laboratory  will  provide  excellent  facilities  for  the  study 
of  applications  of  nuclear  energy  in  the  power  field. 

The  General  Electric  Research  Laboratory  is  headed  by 
a  director  who  is  also  a  vice-president  of  the  company.  In  its 
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first  half  century  of  existence,  the  Laboratory  has  had  only 
three  directors.  Whitney  was  succeeded  in  1933  by  W.  D. 
Coolidge,  now  director  emeritus.  In  1944  the  post  was  as¬ 
sumed  by  the  present  director,  C.  G.  Suits.  The  Laboratory 
maintains  close  contact  with  the  operating  divisions  of  the 
company  through  a  carefully  planned  and  executed  program 
of  liaison. 

The  Westinghouse  Research  Laboratories  rank  among  the 
pioneers  in  industrial  research  and  have  been  responsible  for 
numerous  advances  in  the  electrical  industry.  The  organiza¬ 
tion  has  grown  from  a  virtual  one-man  laboratory  with  a 
single  objective  in  view  to  a  multiple  group  with  450  persons 
employed  in  research  covering  every  field  of  interest  or  value 
to  the  electrical  industry. 

In  1886  George  Westinghouse  founded  his  electric  com¬ 
pany  primarily  to  develop  and  fight  for  the  adoption  of  the 
alternating-current  system.  A  year  earlier,  with  an  aban¬ 
doned  rubber  mill  at  Great  Barrington,  Mass.,  as  a  labora¬ 
tory  and  shop,  he  had  W.  Stanley  make,  set  up,  and  demon¬ 
strate  the  advantages  of  the  alternating-current  system,  the 
patents  for  which  he  had  obtained  in  England.  Stanley’s 
demonstration  consisted  of  lighting  the  small  town  through 
about  1  mile  of  transmission  circuit. 

The  New  England  rubber-mill  laboratory  might  be  said  to 
be  the  first  Westinghouse  research  unit.  It  was  followed  by 
a  tlnee-ioom  laboratory  in  rented  space  at  the  original  Gar¬ 
rison  Alley  plant  in  Pittsburgh.  When  the  company  moved 
to  East  Pittsburgh  in  1895,  scattered  laboratories  were  used 
for  research  work  until  the  first  two-story  building  for  chemi¬ 
cal,  physical,  and  magnetic  research  was  built  in  the  factory 
grounds  in  1910.  In  1916  the  first  unit  of  the  present  group 
of  buildings  about  a  mile  from  the  East  Pittsburgh  plant 
was  built.  It  was  practically  trebled  in  size  in  1929,  and  sev¬ 
eral  new  buildings  were  added  during  the  Second  World 


Westinghouse  has  always  depended  upon  research  and  de- 
opment.  In  the  early  days,  it  was  a  necessity,  as  there  was 
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no  background  of  engineering  materials,  processes,  and  de¬ 
sign  data  for  electrical  machinery.  In  the  last  few  decades, 
research  has  been  continued  and  expanded  because  of  the 
attitude  of  a  research-minded  management. 

The  corporation  is  organized  under  the  divisional  plan, 
each  division  being  operated  like  an  independent  company, 
with  suitable  research  and  engineering  laboratories  for  the 
development  of  its  particular  product.  The  separate  di¬ 
visions,  with  the  exception  of  the  lighting  division,  which 
has  its  own  research  laboratories,  depend  upon  the  central 
research  laboratories  at  East  Pittsburgh  for  fundamental 
research  and  for  the  solution  of  applied  research  problems 
requiring  special  facilities  or  personnel  or  for  projects  of 
general  interest  to  several  divisions. 

In  addition  to  the  research  laboratories  at  East  Pittsburgh, 
there  are  extensive  headquarters  engineering  laboratories  of 
unusual  size  and  capacity  for  high-power  high-voltage  de¬ 
velopment  and  for  a  wide  variety  of  electrical  and  mechanical 
tests  in  the  development  of  new  devices.  These  laboratories 
also  serve  the  divisions  of  the  corporation.  The  improved 
laboratories  in  the  engineering  departments  of  the  various 
divisions  allow  the  central  research  laboratories  to  increase 
the  percentage  of  fundamental  scientific  work  and  leave 
most  of  the  specific  problems  to  the  divisions. 

This  type  of  research  and  development  organization  has 
been  found  to  be  efficient  and  useful  to  the  35  manufactur¬ 
ing  plants  and  the  23  divisional  headquarters  scattered  over 
the  country.  It  has  the  advantages  of  centralized  reseaich 
and,  at  the  same  time,  leaves  the  applied  research  engineer¬ 
ing  and  design  in  the  proper  manufacturing  plants  for 
prompt  action.  The  central  research  organization  is  a  head¬ 
quarters  activity,  the  director  reporting  directly  to  the  vice- 
president  in  charge  of  research  and  engineering. 

Because  of  the  great  diversity  of  Westinghouse  engineer¬ 
ing  activities,  the  research  laboratories  must  cover  a  wide 
field  of  scientific  work.  The  staff  is  divided  into  technica 
departments,  some  of  which  are,  in  turn,  divided  into  sec- 
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tions  and  project  groups.  The  following  list  of  the  depart¬ 
ment  names  indicates  the  general  nature  of  the  laboratories 
activities:  Electromechanics,  Insulation,  Electrophvsics, 
Mechanics,  Electronics  and  Nuclear  Physics,  Magnetics, 
Chemical,  Metallurgical,  and  Ceramic.  The  department  man¬ 
agers,  together  with  the  associate  directors  and  assistant 
director  in  charge  of  personnel  and  service,  form  the  direc¬ 
tor’s  immediate  supervisory  staff. 

Engineering  development  is  carried  on  only  in  the  case  of 
radically  new  products  which  are  of  interest  to  no  operating 
division  until  they  have  been  proved  or  found  to  be  commer¬ 
cially  acceptable. 

Research  reports  and  memoranda  are  circulated  through¬ 
out  the  engineering  departments  of  the  corporation.  In  this 
way,  each  engineering  department  is  kept  advised  regarding 
work  that  falls  in  its  sphere  of  interest  or  is  done  for  other 
divisions. 

For  many  years,  the  director  of  the  Westinghouse  Re¬ 
search  Laboratories  was  L.  W.  Chubb,  now  director  emeritus. 
The  present  director  is  J.  A.  Hutcheson. 

The  decision  of  the  management  of  the  Corning  Glass 
Works  in  1908  to  form  a  research  laboratory  was  not  a  sud¬ 
den  one,  but  was  based  on  long  experience  in  trying  to  carry 
out  improvements  and  new  developments  with  consultants 
and  its  own  manufacturing  group.  In  the  early  days,  the 
company  was  melting  lime  and  lead  glasses  exclusively.  Its 
colored-glass  products  were  used  mostly  for  railroad  and 
marine  signal  ware. 


The  company  as  early  as  1880  devoted  considerable  time 
to  improving  its  signal  red  color  and  the  optics  of  its  signal 
enses.  This  work  was  sufficiently  promising  to  indicate  the 
need  for  more  scientific  talent,  and  therefore  G.  S.  Molar  of 
Cornell  University  was  engaged  on  a  consulting  basis,  and 
is  assistance  to  the  staff  resulted  in  many  important  im- 
provements.  There  was  an  increasing  need  for  improved 
colors,  however,  and  J.  A.  Deghuee  of  the  Lederle  Labora 
tones  was  engaged  as  a  consultant  on  the  glass-compositTon 
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problem.  A  much  improved  type  of  red  glass  resulted  and 
was  produced  about  1900.  At  that  time  there  were  no 
standard  signal  colors,  as  many  as  32  shades  of  green  being 
used.  A  paper  on  color  blindness  by  E.  W.  Scripture  of  Yale 
University  in  November,  1899,  impressed  A.  B.  Houghton 
(later  to  become  the  president  of  the  Corning  Glass  Works) 
with  the  importance  of  color  perception  as  a  part  of  the 
signal-color  problem.  Accordingly,  he  engaged  Scripture  for 
further  work,  who  in  turn  assigned  the  problem  to  W. 
Churchill  of  his  staff.  This  led  to  the  employment  of 


Churchill  by  Corning  in  1902,  and  in  1904  an  optical  labora¬ 
tory  under  Churchill  was  established  to  work  on  signal 
colors  and  lenses.  This  work  developed  a  set  of  standard  sig¬ 
nal  colors  of  long  range  and  sharp  differentiation  that  were 
adopted  as  standards. 

It  became  evident  that  scientific  help  was  needed  to  de¬ 
velop  special  new  glasses  having  new  characteristics  and  to 
maintain  the  required  degree  of  uniformity.  Unknown  varia¬ 
tions  in  melting  history  affected  the  product  in  a  way  that 
was  little  understood,  and  A.  L.  Day,  then  of  the  Geological 
Survey  and  later  director  of  the  Geophysical  Laboratory, 
was  made  a  consultant.  It  is  interesting  to  note  that  he  ap¬ 
plied  platinum-rhodium  thermocouples  for  temperature- 
control  purposes  at  the  Corning  Glass  Works,  which  con¬ 
stituted  the  first  industrial  installation  of  thermoelectric 


temperature  control  in  the  United  States. 

The  success  of  these  ventures  in  science  clearly  indicated 
to  the  management  the  possibilities  in  research  and  the 
necessity  for  organized  research  under  its  own  control.  A 
research  laboratory  was  authorized  in  1908,  and  E.  C.  bul- 
livan,  then  of  the  Geological  Survey  Laboratory,  was  made 

its  first  director.  , 

One  of  the  first  problems  of  the  Laboratory  was  to  develop 

better  glasses  for  industrial  and  technical  uses,  and  its  m,  m 

efforts  naturally  turned  toward  improving  the  the-ma 

shock  resistance  of  glass.  Its  success  in  this  field  is  we 


known. 
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The  development  of  new  glass  compositions  led  to  new 
uses  for  glass  and  to  the  need  for  more  precise  manufactur¬ 
ing  control.  The  problems  associated  with  these  develop¬ 
ments  necessitated  the  addition  of  specialists  in  a  variety 
of  fields,  such  as  physics,  chemistry,  geology,  physical  chem¬ 
istry,  various  branches  of  engineering,  and  even  organic 
chemistry. 

As  a  part  of  the  development  program,  it  was  essential  that 
the  properties  of  the  new  glasses  be  accurately  measured  so 
that  the  relationship  between  composition  and  property  be 
well  understood.  The  tools  and  experimental  methods  in 
standard  use  for  other  materials  in  most  cases  were  not  ap¬ 
plicable  to  glass.  New  methods  had  to  be  devised  and  put 
into  operation  for  measuring  such  properties  as  thermal  con¬ 
ductivity,  tensile  strength,  viscosity,  annealing  temperatures 
and  schedules,  both  surface  and  volume  electrical  conduc¬ 
tivity,  optimum  melting  schedules,  relation  between  proper¬ 
ties  and  heat-treatment,  and  many  other  physical  constants. 

Another  important  problem  peculiar  to  the  glass  industry 
was  the  solution  of  refractories  in  the  glass  during  melting. 
In  general,  it  was  found  that  certain  types  of  refractories 
were  best  for  a  certain  type  of  glass.  One  of  the  outgrowths 
of  this  work  was  the  establishment  of  a  radically  new  type 
of  industrial  product  by  Corning — electrocast  refractory, 
where  the  refractory  components  are  electrically  melted  and 
cast  to  shape  in  molds.  The  Corhart  Refractories  Company 
was  established  to  manufacture  this  product. 

The  present  staff  of  the  Laboratory,  under  the  direction  of 
J.  T.  Littleton,  numbers  59  scientists  and  109  assistants. 
The  work  is  organized  under  group  leaders  working  on  pure 
research,  pioduct  development,  and  process  development, 
with  a  group  of  organic  chemists  working  on  silicones. 
Scientific  control  of  manufacturing  processes  is  handled  by 
a  department  of  glass  technology,  which  split  off  from  the 
Laboratory  in  1940. 

Some  400  different  glass  compositions  developed  by  the 
Laboratory  are  in  commercial  production  on  a  variety  of 
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products,  including  incandescent  lamp  bulbs;  radio  and 
television  bulbs;  stem  tubing  for  the  electric-light  and  radio 
bulbs;  tubing  for  neon  signs  and  fluorescent  lamps;  Pyrex 
brand  chemical  ware  and  pipe  lines;  baking  ware,  Flame- 
ware;  opal  tableware;  Vycor  brand  glasses;  opal  and  special 
lighting  ware;  railroad  signal  ware;  color  filters  and  ultra¬ 
violet  transmitting  and  infrared  absorbing  and  transmitting 
glasses;  optical  glasses;  photosensitive  glass;  special  glass- 
to-metal  sealing  glasses.  In  addition,  the  Laboratory  has 
been  instrumental  in  establishing  such  products  as  glass 
fiber  now  being  manufactured  by  Owens-Corning  Fiberglas 
Corporation;  glass  building  blocks,  manufactured  by  Pitts¬ 
burgh  Corning;  silicones,  manufactured  by  the  Dow  Corning 
Corporation;  and  electrocast  refractories,  produced  by  the 
Corhart  Refractories  Company. 

Whereas  chemical  research  has  played  an  important  role 
in  the  growth  of  corporations  that  were  already  large  at  the 
turn  of  the  century,  it  has  contributed  even  more  significantly 
to  the  growth  of  a  number  of  smaller  chemical  firms.  An  ex¬ 
ample  is  Merck  &  Co.,  Inc.,  manufacturing  chemists,  Rah¬ 
way,  N.J. 

A  well-established  fine  chemical  industry,  Merck  in  1932 
was  a  rather  small  company  which  sold  its  products  mainly 
to  the  large  pharmaceutical  houses  and,  through  wholesalers, 
to  retail  druggists.  Its  sales  volume  in  that  year  was  about 
$10,000,000.  After  that,  spurred  by  an  expanding  research 
program,  the  company  added  several  new  lines  of  products, 
notably  vitamins,  sulfas,  and  antibiotics,  that  greatly  in¬ 
creased  its  business.  About  60  per  cent  of  the  1948  sales 
volume,  $73,000,000,  was  in  products  introduced  in  recent 

years. 

Merck’s  emphasis  on  research  may  be  said  to  date  from 
1933,  when  a  separate  building  with  greatly  improved  facil¬ 
ities  was  constructed  to  house  the  research  and  development 
division.  At  that  time,  the  division  employed  23  chemists 
under  R.  T.  Major  and  W.  H.  Engels.  The  first  major 
achievement  of  the  new  laboratory  was  the  determination  o 
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the  structure  and  the  synthesis  of  vitamin  Bi  in  collabora¬ 
tion  with  R.  R.  Williams  of  the  Bell  Laboratories.  The  B, 
synthesis  was  followed  in  rapid  succession  by  research  and 
development  of  processes  for  the  manufacture  of  vitamin  C, 
vitamin  B2  (riboflavin),  pyridoxine  (vitamin  Be),  vitamin 
K,  vitamin  E,  pantothenic  acid,  biotin,  and,  most  recently, 
vitamin  B12. 

Merck  chemists  and  biologists  also  pioneered  much  of  the 
feverish  work  on  the  research  and  development  of  penicillin 
during  the  Second  World  War.  When  S.  A.  Waksman  at 
Rutgers  discovered  streptomycin  in  1943,  Merck  &  Co. 
played  a  leading  role  in  developing  this  antibiotic  from  the 
test  tube  to  large-scale  production.  Merck’s  research  effort 
has  also  been  directed  to  such  major  fields  as  alkaloids,  hor¬ 
mones,  sulfa  drugs,  antihistamines,  insecticides,  and  many 
others. 

Though  the  company  is  best  known  for  its  work  in  anti¬ 
biotics  and  vitamins,  its  technical  men  have  developed  many 
other  products,  which  include  such  medicinal  chemicals  as 
the  synthetic  ephedrine  and  synthetic  papaverine;  standard 
prescription  chemicals;  high-purity  reagents  for  the  labora¬ 
tory;  chemicals  used  in  many  kinds  of  manufacturing; 
economic  poisons  such  as  mothproofing  compounds;  and 
others. 

The  research  and  development  division  has  grown  rapidly 
in  recent  years,  and  it  has  been  necessary  to  erect  a  number 
of  new  buildings  to  accommodate  the  facilities  and  personnel. 
The  largest  and  most  recent  structure  was  completed  in 
1948.  At  present  the  division  employs  well  over  600  persons, 
of  whom  about  300  are  technically  trained.  In  1947,  Major 
became  vice-president  and  scientific  director  of  the  com¬ 
pany,  and  in  that  position  he  directs  all  scientific  activities. 
P.  K.  Frolich  succeeded  him  as  director  of  research  and  de¬ 
velopment,  and  Engels  is  the  associate  director.  Research  is 
largely  centered  in  Rahway,  but  development  laboratories 
for  technical  service  are  maintained  at  other  plants. 

The  division  now  consists  of  three  fundamental  research 


144 


Industrial  Scientific  Research 

departments-  organic  and  biochemical,  microbiological, 
physical  and  inorganic — a  large  development  department,  to 
translate  the  results  of  fundamental  research  into  potential 
commercial  products  and  to  improve  the  yields  and  efficiency 
of  processes,*  a  pilot-plant  department;  a  technical-informa¬ 
tion  department,  which  includes  a  well-equipped  scientific 
library;  and  a  technical-development  department,  which 
v  01  ks  on  chemicals  for  application  in  the  fields  of  agricul¬ 
ture  and  textiles  and  provides  technical  service  for  the  sales 
division. 

The  Merck  research  and  development  division  is  aided  by 
both  the  work  of  the  Merck  Institute  for  Therapeutic  Re¬ 
search,  a  separate,  nonprofit  corporation  that  conducts 
pharmacological  studies  with  new  drugs,  and  by  the  work 
of  the  company’s  medical  division,  which  follows  outside 
clinical  studies  and  prepares  scientific  medical  informa¬ 
tion. 

The  aluminum  industry  was  founded  by  research.  C.  M. 
Hall,  working  with  homemade  equipment  in  his  father’s 
woodshed,  discovered  the  present  electrolytic  method  of  pro¬ 
ducing  aluminum.  The  commercial  production  of  aluminum 
by  Hall’s  process  was  started  about  1890.  During  the  first  30 
years  of  its  existence,  the  Pittsburgh  Reduction  Company 
later  renamed  the  Aluminum  Company  of  America,  con¬ 
tinued  research  on  an  informal  basis.  Such  research  and  de¬ 
velopment  work  as  seemed  necessary  for  the  company’s 
progress  was  carried  out  by  Hall  and  a  number  of  chemists 
and  engineers  whose  primary  responsibilities  were  opera¬ 
tional  and  administrative  in  nature.  At  the  end  of  the  First 
World  War,  the  management  realized  that  organized  re¬ 
search  was  necessary  to  solve  the  company’s  technical  prob¬ 
lems  and  lay  the  basis  for  a  more  widespread  industrial  ap¬ 
plication  of  the  metal.  As  a  result,  F.  C.  Frary  was  selected  as 
director  of  research,  and  in  1918  he  undertook  the  organiza¬ 
tion  of  the  research  laboratory,  with  a  small  group  of  chem¬ 
ists,  metallurgists,  and  engineers.  Under  the  direction  of 
Frary,  the  Aluminum  Research  Laboratories  have  grown 
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rapidly  in  size  and  usefulness,  so  that  today  a  staff  of  about 
500  carries  on  the  work. 

The  main  laboratory  and  administrative  headquarters  are 
located  at  New  Kensington,  Pa.,  in  a  building  erected  in 
1930,  with  substantial  additions  made  in  1939  and  1944.  The 
work  is  carried  on  in  15  divisions  organized  according  to  the 
type  of  work  to  be  done  rather  than  the  problems  to  be 
solved.  There  are  divisions  for  process  metallurgy,  physical 
metallurgy,  metalworking,  and  engineering  design,  to  name 
only  a  few.  Smaller  laboratories  are  located  at  Cleveland, 
where  the  principal  research  activities  are  related  to  the  pro¬ 
duction  of  aluminum-alloy  castings  and  forgings,  and  at  East 
St.  Louis,  Ill.  where  research  effort  is  directed  toward  the 
refining  of  alumina  and  the  production  of  chemical  products 
from  alumina. 

The  work  of  the  Laboratories  covers  all  phases  of  the  in¬ 
dustry,  from  the  processing  of  bauxite,  the  production  of  re¬ 
fined  alumina  and  its  reduction  to  metallic  aluminum,  and 
the  alloying  of  aluminum  to  the  production  of  semifinished 
products,  such  as  sheet,  tubing,  and  extruded  sections,  and  it 
finally  includes  the  many  problems  involved  in  the  applica¬ 
tions  of  the  metal  in  industry. 

One  of  the  typical  research  problems  is  alloy  development. 
Most  of  the  20  aluminum  alloys  currently  used  for  wrought 
products  and  a  similar  number  of  alloys  used  for  castings 
were  developed  by  the  Laboratories.  Clad  aluminum  products 
(Alclad),  which  played  an  important  part  in  aircraft  devel¬ 
opment,  originated  with  the  Laboratories.  The  production 
of  aluminum  of  99.99  per  cent  purity,  electrolytically  refined, 
is  another  achievement  in  this  field.  The  strength  obtain¬ 
able  in  aluminum-alloy  products  has  been  raised  some  50 
per  cent  by  research  since  1920. 

The  research  activities  of  the  New  Jersey  Zinc  Company 
date  from  the  late  nineteenth  century.  Early  in  the  twentieth 
century,  they  were  enlarged  and  given  full  departmental 
status.  The  general  manager  of  the  present  technical  depart¬ 
ment,  E.  H.  Bunce,  reports  to  the  executive  vice-president 
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The  technical  department  is  divided  into  three  technical 
divisions — research,  development  engineering,  and  process 
engineering— together  with  a  service  division  that  serves  all 
three.  The  total  staff  numbers  about  400. 

Company  activities  are  varied,  encompassing  mining, 
manufacturing,  and  sales.  Technical  department  work  re¬ 
flects  all  phases  of  these  activities  and  includes  fundamental 
research  in  physics,  chemistry,  and  physical  metallurgy; 
geophysical  prospecting,  mineral  examination,  and  ore  dress¬ 
ing;  new  process  development  and  engineering  design;  and 
physical  evaluation  of  products  and  items  in  which  these 
products  are  utilized. 

Smelting  of  zinc  was  a  highly  individualistic  art  in  the 
early  twentieth  century,  and  the  department  has  succeeded 
in  putting  much  of  it  on  a  scientific  basis,  employing  modern 
methods,  scientific  controls,  and  proper  instrumentation. 
Among  the  better-known  contributions  of  the  department  to 
the  production  and  application  of  zinc  products  are  a  process 
for  the  continuous  manufacture  of  zinc  metal  in  a  vertical 
retort  plant,  a  continuous  refining  furnace,  a  continuous 
traveling  grate  furnace  for  making  zinc  oxide,  a  series  of 
high-strength  alloys  for  the  die-casting  industry,  the  first 
light-resistant  lithopone,  the  first  spectroscopically  pure  zinc, 
the  first  chemically  pure  zinc,  the  most  complete  line  of  zinc 
pigments,  and  processes  for  making  fluorescent  and  phos¬ 
phorescent  pigments. 

The  Kodak  Research  Laboratories  were  founded  in  1912, 
when  George  Eastman  decided  to  organize  a  research  labora¬ 
tory  independent  of  the  factory  laboratories  and  chose  as 
the  organizer  and  director  C.  E.  K.  Mees  of  Croydon,  Eng¬ 
land.  Mees  was  the  director  of  research  at  Rochester  until 
1947,  when  C.  J.  Staud  became  director  of  research;  Mees 
continues  as  vice-president  in  charge  of  research. 

In  1912  the  Kodak  factories  were  operated  by  profession¬ 
ally  trained  chemists  and  engineers  who  were  equipped  with 
adequate  laboratories  for  the  control  of  manufacturing 
processes,  analysis  of  raw  materials,  the  testing  of  finished 
products,  and  the  development  of  improved  processes  and 
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products.  The  new  laboratory  was  not  intended  to  super¬ 
sede  the  factory  laboratories  or  primarily  to  give  service  to 
the  factory  departments;  it  was  to  study  the  scientific  foun¬ 
dations  of  photographic  processes,  to  develop,  if  possible, 
entirely  new  photographic  materials,  and  to  discover  new 
applications  of  photography. 

Starting  with  a  staff  of  20  persons  in  1913,  the  Laboratory 
staff  grew  to  550  engaged  in  research  and  development,  more 
than  half  being  professionally  trained  scientists.  The  growth 
of  laboratory  facilities  kept  pace  with  the  increase  in  staff. 

From  the  beginning,  the  Laboratories  have  been  inde¬ 
pendent  of  the  departmental  organization  of  the  company. 
The  director  is  responsible  for  the  conduct  of  all  the  scientific 
work  of  the  research  laboratories  in  Rochester,  including  the 
preparation  of  the  budget  and  the  distribution  of  the  sums 
allotted  to  different  fields  of  work.  Approval  for  specific  proj¬ 
ects  is  not  required  and  no  specific  program  is  submitted. 
The  work  of  the  laboratory  has  been  successful  and  has  re¬ 
sulted  in  many  new  products  which  are  of  considerable  im¬ 
portance  in  the  sales  of  the  company.  Almost  everything  the 
company  makes  has  been  affected  by  the  laboratory  investi¬ 
gations. 

The  research  and  development  work  of  the  company  has 
never  been  confined  to  the  Laboratories  at  Rochester.  The 
cost,  in  fact,  of  the  Laboratories  is  only  about  one-fourth 
that  of  the  total  experimental  work  carried  on  by  the 
company.  Many  of  the  manufacturing  departments  have 
their  own  development  laboratories  concerned  with  improve¬ 
ments  in  products  and  processes  and  with  the  introduction 
of  new  products  developed  in  the  research  laboratories.  In 
addition,  the  plant  departments  have  facilities  for  raw  ma¬ 
terials  and  product  control.  Thus  the  research  laboratories 
are  freed  of  much  development  work  and  are  able  to  carry 

on  a  considerable  amount  of  fundamental  and  applied  re 
search.  ^ 


Li  addition  to  the  new  materials  and  methods  evolved  bv 
the  Laboratories,  many  men  have  been  trained  for  the  on 
erating  and  supervisory  staff  of  the  company.  Members  of 
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the  staff  are  transferred  to  other  departments  of  the  com¬ 
pany,  and  many  of  the  technical  leaders  in  its  factories, 
sales,  and  general  management  have  had  experience  in  the 
Laboratories.5 

The  Laboratories  manufacture  and  supply  a  number  of 
special  products  for  use  in  scientific  research,  such  as  photo¬ 
graphic  plates  for  use  in  astronomy,  spectroscopy,  and 
nuclear  physics,  synthetic  organic  chemicals  for  research, 
stable  isotopes  of  carbon  and  nitrogen,  and  other  materials. 

The  research  and  development  work  can  be  divided  into 
three  main  sections.  About  25  per  cent  is  on  the  fundamental 
science  of  photography,  the  theory  of  the  photographic 
process;  about  50  per  cent  is  on  practical  photography,  the 
development  of  new  products  and  processes  and  new  uses  of 
photographic  materials;  and  about  25  per  cent  is  in  the  field 
of  chemistry  and  physics  not  directly  connected  with  the 
theory  or  practice  of  photography  but  related  to  photo¬ 
graphic  problems.  The  fundamental  work  has  been  concerned 
with  such  problems  as  the  formation  of  the  latent  image, 
the  sensitivity  of  emulsion  grains,  the  mechanism  of  develop¬ 
ment,  the  micro-  and  macrostructure  of  the  developed  photo¬ 
graphic  image,  the  tone-reproduction  characteristics  of  nega¬ 
tive  and  positive  emulsions,  the  theory  of  color  reproduction, 
psychophysical  and  psychological  studies  of  color  percep¬ 
tion,  geometrical  optics,  and  the  structure  and  properties  of 
gelatin  and  of  cellulose  and  cellulose  esters. 

The  applied  research  and  development  wrork  has  been 
largely  concerned  with  new  products  and  processes.  Such 
work  has  been  the  basis  of  amateur  cinematography,  high¬ 
speed  panchromatic  plates  and  films,  new  methods  of  docu¬ 
mentary  photography,  rare-earth  glasses  with  unusual  op¬ 
tical  properties,  and  materials  for  color  photography.  These 
products  alone  have  been  of  considerable  importance  to  the 
Eastman  Kodak  Company  and  represent  a  large  fraction  oi 

its  total  sales.  .  ,  • 

The  Laboratories  are  organized  on  a  departmental  basis. 

6  See  Chap.  VIII,  p.  161. 
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The  emulsion-research,  high-polymer,  black-and-white  pho¬ 
tography,  photographic-theory,  and  color-photography  de¬ 
partments  are  concerned  with  their  respective  bioad  fields. 
Other  departments,  such  as  those  of  physics,  analytical 
chemistry,  physical  chemistry,  and  synthetic  organic  chem¬ 
istry,  are  organized  on  the  basis  of  specialized  knowledge  in 
these  respective  branches  of  science.  The  departments  vary 
considerably  in  size,  depending  upon  the  amount  of  develop¬ 
ment  work  they  do.  The  emulsion-research  department,  the 
largest,  has  a  staff  of  approximately  100. 

In  addition  to  the  laboratories  in  Rochester,  the  British 
affiliate  company,  Kodak  Limited,  and  the  French  company, 
Kodak-Pathe,  maintain  research  laboratories  whose  work 
parallels  and  complements  that  of  the  Rochester  labora¬ 
tories.  A  tropical  research  station  in  Panama  has  been  opened 
to  investigate  problems  of  photography  in  the  tropics.  The 
Tennessee  Eastman  Corporation  at  Kingsport,  Tenn.,  has 
its  own  research  laboratory  to  deal  with  cellulose  derivatives, 
plastics,  dyes,  and  special  chemicals. 

An  interesting  example  of  the  development  of  a  new 
industry  from  research  work  in  the  Laboratories  is  supplied 
by  Distillation  Products,  Inc.  In  the  Kodak  Research  Labora¬ 
tories,  K.  G.  D.  Hickman  was  studying  the  use  of  high  vacua 
in  chemical  work  and  became  interested  in  improving  high- 
vacuum  pumps  and  gauges.  He  conducted  distillations  at 
very  low  pressures  and  soon  concentrated  his  attention  on 
the  distillation  of  animal  and  vegetable  oils.  He  found  that 
vitamin  A  could  be  distilled  from  fish-liver  oil  in  a  concen¬ 
trated  form.  A  subsidiary  company,  Distillation  Products, 
Inc.,  was  formed  to  exploit  the  commercial  development  of 
this  process.  Research  was  the  source  of  this  business,  and 
today  a  very  important  department  of  it  is  that  devoted  to 
research.  A  considerable  business  in  high-vacuum  apparatus 
pumps,  stills,  gauges,  and  similar  products  has  developed’ 
as  well  as  a  large  amount  of  chemical  and  biochemical  re¬ 
search  on  the  fat-soluble  vitamins  A  and  E. 
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Chapter  Vlll 


The  Position  of  the  Laboratory  in  a  Company 


In  the  early  days  of  industrial  research,  the  position  of 
the  research  department  and  its  relation  to  the  other 
departments  of  the  company  with  which  it  was  associated 
depended  largely  upon  the  origin  of  the  department.  Labora¬ 
tories  were  established  in  many  different  ways: 

If  an  executive  of  a  manufacturing  company  was  a  tech¬ 
nical  scientific  expert,  he  might  have  felt  the  need  of  a 
laboratory  and  become  its  first  director.  In  this  case  the 
laboratory  would  be  very  closely  associated  with  the  work 
of  the  executive. 

A  laboratory  might  have  been  established  as  a  reference 
department  for  the  executives  and  under  a  director  who  was 
not  an  executive  officer  of  the  company.  In  this  case  also 
it  would  be  very  closely  associated  with  the  officers  of  the 
company  and  would  tend  to  be  concerned  more  with  ques¬ 
tions  of  policy  and  the  introduction  of  new  products  than 
with  any  other  of  the  problems  of  the  company. 

In  a  large  company  a  research  laboratory  might  have  been 
established  as  a  separate  department,  having  its  own  or¬ 
ganization  and  being  available  as  a  reference  department  for 
all  sections  of  the  company,  in  which  case  its  activities 
would  cover  a  very  wide  field.  At  the  same  time,  it  would 
not  have  so  direct  an  influence  upon  the  policy  of  the  com¬ 
pany  as  if  it  were  closely  associated  with  one  or  more  of  the 
executive  officers. 


Actually,  the  earliest  research  laboratories 
works-testing  and  control  laboratories  and 
responsible  directly  to  the  works  manager, 
laboratories  have  generally  been  established 
departments  of  the  company. 


grew  out  of  the 
were  therefore 
More  recently, 
as  independent 
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A  general  pattern  has  now  evolved  for  the  organization 
of  research  departments,  based  upon  experience  in  the  opera¬ 
tion  of  industrial  research.  As  already  shown  (Chap.  Ill, 
page  39),  the  research  department  of  a  business  has  the 
definite  function  of  providing  knowledge  of  what  is  being  done 
by  others  and  what  can  be  done  by  the  business.  It  is  respon¬ 
sible  for  the  provision  of  new  products  and  for  the  develop¬ 
ment  of  the  technological  methods  of  the  business.  As  C.  F. 
Kettering  says,  “The  business  of  the  research  laboratory  is 
to  find  out  what  we  are  going  to  make  when  we  can’t  make 
what  we  are  making  now.”  Thus  the  whole  future  of  a  com¬ 
pany  is  dependent  upon  the  efficiency  and  imagination  of 
the  research  department.  Its  work  is  so  vital  to  the  conduct 
of  the  business  that  the  head  of  the  department  should  be 
given  authority  ranking  with  that  of  the  heads  of  the  manu¬ 
facturing  and  the  sales  departments.  The  research  depart¬ 
ment  is  usually  responsible  to  a  vice-president  of  the  com¬ 
pany.  In  small  companies,  this  officer  may  be  in  charge  of 
all  technical  matters,  but  in  large  companies  he  is  usually 
directly  in  charge  of  research  and  development  and  ranks 
with  the  other  vice-presidents  who  are  in  charge  of  manu¬ 
facturing  and  sales. 

In  small  companies,  also,  all  the  scientific  work  is  often 
carried  out  in  one  laboratory — that  required  for  the  control 
of  the  manufacturing  processes,  the  work  necessary  for  the 
assistance  of  customers  through  the  sales  department,  and 
research.  In  larger  organizations,  the  factories  have  their  own 
laboratories  both  for  control  of  processes  and  product  and 
for  the  development  and  improvement  of  manufacturing 
processes,  and  the  sales  departments  often  maintain  tech¬ 
nical  sections  to  provide  the  specialized  knowledge  they  re¬ 
quire. 

Very  large  companies  are  usually  operated  through  a 
number  of  divisions,  each  of  which  is  operated  essentially  as 
an  independent  business,  of  which  the  principal  executive  is 
an  official  of  the  holding  company.  Thus,  in  very  large  com- 
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panies,  three  systems  are  available  for  carrying  out  the  re¬ 
search  and  development  work: 

1.  The  work  may  be  performed  for  the  whole  organiza¬ 
tion  by  a  separate  incorporated  division.  Thus  the  Standard 
Oil  Development  Company  operates  as  the  research  depart¬ 
ment  for  the  group  of  companies  controlled  by  the  Standard 
Oil  Company  of  New  Jersey. 

Again,  Bell  Telephone  Laboratories  is  incorporated  as  a 
company  of  which  50  per  cent  of  the  capital  stock  is  owned 
by  the  parent,  the  American  Telephone  and  Telegraph  Com¬ 
pany,  and  50  per  cent  by  the  Western  Electric  Company  (it¬ 
self  controlled  by  the  American  Telephone  and  Telegraph 
Company),  which  manufactures  apparatus  and  equipment 
for  the  Bell  Telephone  System.  Similarly,  in  the  Shell  Union 
Oil  Company,  the  Shell  Development  Company  carries  out 
the  research  and  development  work  for  the  whole  group  of 
associated  companies.  This  type  of  organization  has  proved 
very  successful,  and  it  is  probable  that,  as  companies  grow 
and  the  importance  of  their  research  increases,  they  will  tend 
more  and  more  to  organize  it  in  separate  companies.  These 
companies  carry  out  the  research,  install  pilot  plants  and  de¬ 
velopment  departments,  and  often  manufacture  on  a  limited 
scale,  thus  passing  their  new  products  on  to  the  operating 
companies  in  a  completed  form  with  an  initial  market. 

2.  Each  operating  company  or  division  has  its  own  re¬ 
search  department  responsible  to  the  executive  in  charge  of 
the  division.  This  system  has  the  advantage  that  the  research 
wor  'ers  are  in  close  touch  with  the  requirements  of  the  di¬ 
vision  those  originating  in  both  the  manufacturing  and  the 
sales  departments.  The  disadvantage  is  that  many  pos¬ 
sibilities  for  research  may  be  ignored  because  they  do  not 

a7  eX1Stmg  dlViS'0n  °f  the  comPa"y-  To  meet  this 
difficulty  large  companies  frequently  establish  a  central 

research  department  for  the  company  as  a  whole  in  addition 

to  the  divisional  research  departments.  Sometimes  in  such 

large  companies,  the  whole  conduct  of  the  business' is  under 
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the  control  of  an  executive  committee,  usually  composed  of 
the  chairman  of  the  board,  the  president,  and  several  vice- 
presidents.  The  operating  divisions  are  under  the  control  of 
general  managers  who  report  to  the  executive  committee. 
In  addition,  there  are  a  number  of  auxiliary  departments — 
legal,  financial,  and  so  on — who  report  to  the  executive  com¬ 
mittee.  The  research  and  development  department  is  one  of 
these  departments;  in  addition  to  aiding  the  operating  divi¬ 
sions  on  specific  problems,  it  carries  out  the  necessary  funda¬ 
mental  and  applied  research  for  the  company  as  a  whole. 

3.  Sometimes,  even  in  large  companies,  the  whole  re¬ 
search  organization  is  centralized,  but  more  often  the  oper¬ 
ating  divisions  take  the  responsibility  for  their  own  research, 
which  is  coordinated  through  the  vice-president  in  charge  of 
research  and  development.  In  such  cases,  there  is  usually  a 
central  laboratory  also  for  work  that  may  be  of  interest  to 
the  company  as  a  whole  but  that  does  not  come  within  the 
sphere  of  activity  of  any  of  the  operating  divisions. 

To  obtain  a  cross  section  of  the  current  relations  between 
the  research  laboratory  and  the  manufacturing  departments, 
a  group  of  large  companies  were  asked:  1 

How  closely  do  the  research  and,  particularly,  the  develop¬ 
ment  groups  work  with  the  manufacturing  departments,  and 
how  do  they  help  these  departments ? 

1.  The  relationship  depends  upon  the  particular  problem  and 
the  plant  department  involved.  In  many  divisions,  theie  is  ex¬ 
ceedingly  close  collaboration,  to  the  point  where  representatives 
of  the  manufacturing  departments  attend  conferences  on  the 
progress  of  the  research  and  development  work  at  very  early 
stages  in  a  given  program.  The  transition  from  research  an 
development  to  production  is  made  on  a  collaborative  basis. 

2  Research  and  development  groups  work  closely  with  the 
manufacturing  departments  to  determine  their  needs  for  new 
processes  and  improvements  in  existing  processes.  These  depart- 

l  The  numbers  for  the  answers  are  arbitrarily  chosen  and  do  not 
always  refer  to  the  same  comnanv. 
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ments  make  suggestions  in  regard  to  such  problems.  The  labora¬ 
tory  points  out  to  the  manufacturing  departments  any  new  devel¬ 
opments  that  may  be  of  interest  to  them  and  also  initiates  pro¬ 
posals  to  install  new  processes  or  to  make  changes  in  existing 
processes.  The  research  and  development  group  furnishes  a  con¬ 
siderable  amount  of  technical  information  to  the  manufacturing 
departments. 

3.  At  the  discretion  of  the  director,  the  laboratory  works  with 
the  manufacturing  departments  on  problems  suggested  by  them. 
The  laboratory  undertakes  work  on  its  own  initiative  on  broad 
problems.  The  laboratory  works  primarily  with  the  development 
groups  in  the  other  divisions  on  problems  suggested  by  the  manu¬ 
facturing  divisions  and  also  on  problems  which  the  laboratory 
feels  are  important.  The  type  of  help  given  manufacturing  de¬ 
partments  varies,  e.g.}  the  study  of  control  methods,  raw  mate¬ 
rials,  and  processes. 

4.  The  laboratory  works  very  closely  with  product  divisions 
on  some  types  of  problems,  principally  those  related  to  new  prod¬ 
ucts  developed  in  the  laboratory.  The  laboratory  sends  men  to 
manufacturing  plants  to  give  assistance.  A  small  amount  of  time 
is  spent  by  a  few  men  on  trouble  shooting  for  the  manufacturing 
plants.  The  product  divisions  have  periodic  meetings  with  the 
research  laboratory  to  review  their  needs,  and  the  laboratory  at 
its  own  discretion  carries  out  work  suggested  by  the  product 
divisions. 

5.  Laboratory  work  is  coordinated  with  the  work  of  the  manu¬ 
facturing  departments  through  committees  made  up  of  represent¬ 
atives  of  sales,  manufacturing,  and  engineering.  The  laboratory 
does  not  work  with  the  manufacturing  departments  directly 
except  as  consultants  through  the  engineering  divisions  of  the 
departments. 


6  The  aboratory  groups  collaborate  closely  with  the  manu¬ 
facturing  departments  and,  in  many  cases,  have  their  own  repre¬ 
sentatives  in  the  manufacturing  departments.  In  the  development 
o  new  products,  operating  and  supervisory  people  are  trained  in 
the  pilot  plant,  which  is  under  the  direction  of  the  research  and 
development  division.  Most  of  these  people  are  transferred  to 

fng  dSn  3  Pr°dUCt  iS  taken  °Ver  *  the  manufactur- 

7.  One  associate  chief  of  the  laboratory  has  the  responsibility 


158  Industrial  Scientific  Research 

of  maintaining  contact  with  the  manufacturing  departments.  He  is 
called  in  for  all  conferences  involving  any  major  technical  or  engi¬ 
neering  change.  The  laboratory  carries  on  all  large-scale  investi¬ 
gations  for  the  manufacturing  department  and  operates  all  pilot 
plants. 

A  similar  question  was  asked  concerning  the  relations  with 
the  sales  departments: 

How  closely  does  the  laboratory  collaborate  with  the  sales 
departments  in  undertaking  new  research  programs,  in 
launching  new  products,  and  in  providing  technical  service 
and  information f 

1.  The  laboratory  does  not  collaborate  with  sales  departments 
in  undertaking  new  research  programs  or  in  launching  new  prod¬ 
ucts  except  to  help  the  sales  departments  when  called  upon  to  do 
so.  The  laboratory  provides  technical  information  to  the  sales 
service  departments  and  assumes  the  responsibility  for  editing 
technical  information  put  out  by  the  company  in  pamphlet  or 
book  form. 

2.  The  laboratory  collaborates  with  the  sales  departments 
whenever  asked  to  assist  them,  makes  suggestions  as  to  launching 
new  products,  and  supplies  technical  information  which  the  sales 
departments  may  desire. 

3.  Sales  departments  are  parts  of  the  operating  divisions.  Con¬ 
tacts  with  the  central  laboratory  are  made  through  the  division 
managers.  The  central  laboratory  is  asked  for  help  through  the 
managers  of  the  divisions.  By  conferences  a  decision  is  made  as  to 
whether  the  central  laboratory  should  undertake  the  work  or 
whether  the  development  department  of  the  manufacturing  divi¬ 
sion  should  do  it.  The  laboratory  may  develop  a  product  and 
actually  sell  it,  and  it  insists  on  retaining  company-customer  con¬ 
tacts  when  introducing  new  products,  although  it  may  work 
through  the  local  sales  offices.  The  laboratory  provides  technical 
service  and  information  when  the  product  is  in  the  laboratory 
stage  or  until  the  product  is  under  way  in  a  company  division. 

4.  The  laboratory  collaborates  closely  with  the  product  divi¬ 
sions,  each  of  which  has  its  own  manufacturing  and  sales  organi- 
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zation.  It  collaborates  with  the  division  in  providing  technical 
information  and  provides  men  to  make  contact  with  the  trade  at 
the  request  of  the  product  divisions.  It  confers  with  the  product 
divisions  and  the  market-research  department  on  decisions  to  put 
out  new  products.  The  laboratory  issues  a  quarterly  report  sum¬ 
marizing  developments  affecting  new  products  and  processes. 

5.  The  laboratory  collaborates  very  little  with  the  sales  de¬ 
partments  but  acts  as  consultant  for  sales  whenever  asked.  In 
general,  the  sales  groups  collaborate  with  the  engineering  divi¬ 
sions  of  the  operating  departments,  and  the  laboratory,  in  turn, 
collaborates  with  these  engineering  groups. 

6.  The  laboratory  collaborates  closely  with  the  sales  depart¬ 
ment  on  technical  matters.  During  the  preparation  of  the  budget, 
consideration  is  given  to  the  opinions  of  the  sales  department  re¬ 
garding  desirable  work.  The  laboratory  has  no  responsibility  in 
launching  new  products  and  little  direct  contact  with  the  sales 
department  in  this  connection.  The  laboratory  is  responsible  for 
reviewing  and  approving  all  company  publications  containing 
technical  information  (except  medical)  and  provides  technical 
service  and  information  when  requested  to  do  so. 

7.  One  associate  chief  of  the  laboratory  is  charged  with  the 
responsibility  of  maintaining  contact  with  the  sales  department 
to  get  its  views  and  keep  it  informed  of  the  work  of  the  laboratory. 

Finally:. 

How  are  contacts  with  the  sales  and  manufacturing  de¬ 
partments  made,  i.e.,  through  management,  by  conference, 
and  so  forth  f 


1.  Contacts  with  manufacturing  departments  are  made  both 
officially  and  unofficially  at  all  levels.  Contacts  sometimes  take 

made  in  °f  r/n™-  Contacts  wi,h  the  sales  departments  are 

nated  by  him  **“  direCt°r  "  thr°Ugh  people  desig' 

2.  In  addition  to  the  sales  departments  of  the  operating  com- 

department  serving  all 
ot  the  United  States  and  foreign  business  of  the  company  This 

g  np  is  made  up  of  former  laboratory  men,  and  consequently  there 
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is  intimate  contact  between  them  and  the  people  of  the  labora¬ 
tory;  contacts  come  at  all  levels.  Individuals  in  the  group  are 
given  much  latitude  in  their  contacts.  Contacts  with  manufactur¬ 
ing  departments  are  made  at  all  levels,  although  formal  contacts 
are  also  made.  Development  company  men  attend  refining  com¬ 
pany  meetings.  Manufacturing  and  sales  groups  have  a  large 
attendance  at  development  company  technical  meetings.  In  gen¬ 
eral,  the  system  of  contacts  is  made  as  informal  as  possible,  efforts 
being  made  principally  to  see  that  the  people  best  qualified  to 
render  assistance  are  brought  into  touch  with  the  problems. 

3.  Contacts  with  sales  and  manufacturing  departments  are 
made  in  many  ways,  most  frequently  through  the  development 
groups  in  the  operating  divisions.  Sometimes  contacts  are  by 
conferences.  There  is  no  one  level  for  carrying  out  contacts.  Infor¬ 
mation  is  exchanged  by  letters  and  memos,  with  copies  to  many 
people.  The  system  is  very  informal,  but  reports  of  contacts  and 
conferences  are  sent  to  the  director  and  to  the  parties  concerned. 

4.  Contacts  with  sales  and  manufacturing  departments  are 
made  informally,  person  to  person,  and  by  conferences.  Requests 
for  assistance  theoretically  clear  through  the  director,  but  certain 
groups  in  the  laboratory  have  blanket  approval  for  routine  assist¬ 
ance  to  the  product  divisions. 

5.  The  laboratory  has  representatives  on  the  engineering  coun¬ 
cil  committee,  which  is  the  top  technical  committee  of  the  com¬ 
pany.  In  addition,  there  are  laboratory  men  on  some  of  the  new 
products  committees.  Three  laboratory  men  are  specifically  dele¬ 
gated  to  maintain  liaison  with  the  engineering  laboratories  and 
the  affiliated  companies. 

6.  Contacts  with  sales  and  manufacturing  departments  are 
made  usually  through  conference  and  not  through  management, 

7.  Contacts  are  both  formal  and  informal,  depending  on  the 
magnitude  of  the  problem. 

Thus  in  these  large  (and  successful)  companies,  the  in¬ 
itiative  in  cooperation  between  the  laboratory  and  the  manu¬ 
facturing  and  sales  departments  is  left  to  the  departments. 
The  manufacturing  or  sales  departments  generally  ask  for 
help;  the  laboratory  rarely  volunteers  its  assistance.  As  a 
result,  the  cooperation  varies  a  good  deal  in  different  sections. 
It  depends  upon  the  personalities  involved.  Some  men  are 
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anxious  to  get  all  the  assistance  they  can;  therefore,  some 
manufacturing  or  sales  departments  cooperate  most  cordially 
and  closely  with  the  laboratory;  others  feel  self-sufficient  or 
perhaps  diffident,  and  cooperation  is  poor.  The  situation  is 
not  ideal;  situations  depending  upon  human  nature  rarely 
are.  In  practice,  the  managements  of  big  companies  are  con¬ 
strained  to  accept  the  existing  situation  as  satisfactory.  Its 
improvement  is  only  one  of  the  many  approaches  to  the  ideal 
which  are  limited  by  the  nature  of  men. 

After  a  research  laboratory  has  been  established  for  a 
number  of  years,  its  cooperation  with  the  other  departments 
of  the  company  will  be  facilitated  by  the  presence  in  those 
departments  of  men  who  have  been  trained  in  the  labora¬ 
tory.  These  men  are  generally  former  members  of  the  labora¬ 
tory  staff.  The  reverse  is  sometimes  found  advantageous— 
to  place  in  the  laboratory  men  who  have  had  experience  in 
the  manufacturing  departments.  Some  of  these  transfers  are 
for  a  short  period,  and  their  value  is  evinced  by  the  rapid  pro¬ 
motion  of  the  men  when  they  return  to  their  departments. 
Some  men  prove  so  suitable  for  research  work  that  they  are 
retained  in  the  laboratory.2 

From  the  descriptions  supplied  by  company  officials  of  the 
systems  used  for  operating  research  departments,  it  might 
often  be  concluded  that  the  initiation  and  control  of  research 
programs  were  generally  in  the  hands  of  the  management  of 
the  companies.  Analysis,  however,  of  the  methods  by  which 
the  research  work  is  actually  controlled  shows  that  manage¬ 
ment  rarely  dictates  research  programs  and  that  the  whole 
control  of  the  research  work  is  left  to  those  in  charge  of  the 
laboratories.  This  situation  is  discussed  by  C.  S.  Venable  3 
who  writes :  ’ 


It  is  generally  agreed  that  the  research  program  should  be  the 
personal  responsibility  of  research  management.  As  an  operatin'. 


2  See  Chap.  XVI,  p.  316. 

3  “Research  in  Industry,”  edited  by  C.  C.  Furnas 
trand  Company,  Inc.,  New  York,  1948. 
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department,  research  should  be  charged  with  the  charting  of  its 
own  course,  but  this  course  should  be  integrated  with  that  of  the 
entire  convoy  The  importance  of  mutual  cooperation  in  this  re¬ 
spect  has  already  been  stressed. 

With  this  intimate  participation  of  research  in  the  affairs  of  the 
industrial  family,  however,  it  becomes  highly  important  that  the 
true  function  of  research  be  adhered  to  without  compromise.  Re¬ 
search  is  to  improve,  develop,  invent,  and  is  not  to  control  or 
remedy  routine  operations.  Like  other  human  organisms,  research 
cannot  serve  two  masters. 

In  view  of  the  importance  of  this  matter  of  control,  a 
group  of  large  companies  were  asked  the  question : 

How  jar  does  management  dictate  the  choice  of  research 
and  development  programs  or  projects ? 

1.  The  management  does  not  directly  dictate  the  choice  of  re¬ 
search  and  development  programs  or  projects. 

2.  Management  only  rarely  dictates  the  choice  of  research  and 
development  programs. 

3.  The  member  companies  of  our  organization  do  not  dictate 
the  choice  of  general  research  and  development  programs.  They 
do,  however,  request  certain  types  of  research  and  development 
service,  for  which  they  pay. 

4.  Management  does  not  dictate  the  choice  of  development 
programs  or  projects. 

5.  Management  does  not  dictate  the  choice  of  research  and 
development  programs  at  all. 

6.  Management  does  not  dictate  to  any  appreciable  extent  the 
choice  of  development  programs  or  projects,  although  the  projects 
are  reviewed  by  management.  There  has  been  no  case  where  man¬ 
agement  has  dictated  the  choice  of  work. 

7.  Management  does  not  dictate  the  choice  of  research  prob¬ 
lems  or  development  projects  but  is  kept  in  touch  with  the  work 
and  verbally  approves  high  cost  projects. 

The  only  useful  control  in  fact  is  determination  of  the 
amount  of  money  to  be  spent.  An  inquiry  into  the  control 
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over  expenditure  on  research  and  development  revealed  that 
the  general  practice  is  for  management  to  approve  an  annual 
budget  and  then  to  leave  to  the  research  management  the 
detailed  allocation  of  the  sums  approved.  In  some  cases, 
however,  and  particularly  in  the  allocation  of  funds  for  de¬ 
velopment  work,  special  appropriations  are  made  for  each 
specific  project.  Thus,  in  the  case  of  one  company,  author¬ 
ization  for  research  and  development  (of  a  nonservice  type) 
is  effected  by  a  system  of  appropriation  requests  initiated  by 
the  manufacturing  divisions  as  well  as  by  the  research  de¬ 
partment.  These  requests  indicate  the  amount  of  mone> 
desired  and  state  the  title  of  the  project,  the  reasons  for  the 
work,  and  objectives.  The  period  over  which  this  money  is 
to  be  spent  is  also  indicated.  Requests  for  appropriations 
must  be  approved  by  the  development  manager  of  the 
operating  division  and  by  the  director  of  the  research  and 
technical  development  department.  Such  appropriation  re¬ 
quests  after  approval  are  endorsed  by  a  vice-president  for  the 
executive  committee.  Projects  must  be  fairly  specifically 
outlined.  For  a  new  field  of  work,  there  is  little  difficulty  in 
setting  up  the  project.  There  is  no  annual  budget. 

Since  the  point  discussed  above  is  pertinent  to  one  on 
which  there  is  some  misunderstanding,  the  companies  were 
then  asked  the  question: 


In  what  detail  are  funds  for  research  allocated  by  manage¬ 
ment,  such  as  a  blanket  sum  or  funds  for  specific  projects t 


1.  Funds  are  allocated  in  terms  of  over-all  budget,  no  details 
as  to  programs  being  specified. 

2-  Budget  pnmarily  based  on  approved  number  of  personnel* 
is  fixes  total  expenditures.  In  preparing  budget,  forecast  is  made 
of  expenditures  in  various  fields  during  the  coming  year  and  the 
reason  for  work  in  these  fields  is  discussed.  It  is  recogn  zed  that 

^==^eSChan8e  --  -  -  - 

3.  Appropriations  are  requested  for  fairly  specific  projects 
Thus,  each  project  must  be  approved  individulll/except  inTases 
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where  a  group  of  small  projects  may  be  lumped  together  for 
blanket  approval. 

4.  Funds  are  allocated  in  a  blanket  sum. 

5.  Budget  does  not  state  in  detail  for  what  work  funds  are  to 
be  used.  For  work  on  a  quite  specific  problem  with  a  specific  ob¬ 
jective,  the  operating  department  places  a  direct  order  on  the 
laboratory.  Approximately  70  per  cent  of  the  laboratory  work  is 
of  a  general  fundamental  nature,  and  no  statement  is  made  by  the 
director  as  to  the  problems  wfiiich  are  to  be  undertaken  when 
approval  is  asked  for  the  budget  for  this  work. 

6.  Funds  for  research  and  development  are  allocated  in  terms 
of  a  project  budget.  Projects  are  listed  in  the  budget  and  fall  into 
four  categories:  research,  development,  pilot-plant  production, 
and  service.  Project  titles  are  very  broad  so  that,  although  author¬ 
ization  is  given  in  terms  of  projects,  there  is  little  restriction  on 
the  way  in  which  the  money  approved  for  it  is  spent. 

7.  Blanket  sum  authorized. 

A  most  difficult  problem  is  the  determination  of  the  op¬ 
timum  sum  that  a  given  company  should  spend  on  research. 
It  is  analogous  to  the  determination  of  the  sum  to  be  spent 
on  advertising;  in  both  cases,  the  objective  is  to  spend  the 
maximum  amount  that  will  result  in  an  increase  in  profit 
over  a  period  of  years,  and  no  more.  One  difference  between 
expenditure  on  advertising  and  research,  however,  is  that 
advertising  expenditure,  being  used  chiefly  to  buy  space, 
can  be  increased  or  cut  very  rapidly,  whereas  expenditure  on 
research,  which  is  expenditure  on  salaries,  cannot  be  in¬ 
creased  rapidly  without  loss  of  efficiency,  and  it  cannot  be 
diminished  rapidly  without  inflicting  hardship  and  without 

a  serious  effect  on  morale. 

Normally,  a  successful  laboratory  will  belong  to  a  success¬ 
ful  company  ar.d  will  tend  to  grow  steadily.  By  what  criterion 
can  that  growth  be  regulated?  The  most  obvious  criterion 
for  research  expenditure  involves  a  relation  to  the  total  o 
sales  but  in  fact  there  is  no  correlation  between  the  sales 
figure  of  a  product  and  the  amount  of  research  required.  En¬ 
tirely  new  products  require  heavy  research  expenditure  to 
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overcome  the  initial  difficulties  and  to  establish  them  on  the 
market.  Then,  when  they  are  well  established  and  produc¬ 
tion  and  sales  are  increasing  steadily,  the  amount  of  research 
devoted  to  that  product  may  be  diminished.  Nevertheless, 
in  default  of  any  other  criterion,  the  relation  betw'een  the 
total  sales  figure  for  a  company  and  its  expenditure  on  re¬ 
search  has  some  interest.  To  compare  this  ratio  for  different 
companies,  it  is  necessary  to  define  “expenditure  on  re¬ 
search. ” 

An  excellent  analysis  of  the  research  expenditures  in 
American  industry  is  that  published  in  1948  by  the  Patents 
and  Research  Committee  of  the  National  Association  of 
Manufacturers.4  Seven  hundred  and  fifty  companies  give 
their  1947  budgets  for  “research”  as  totaling  $207,000,000. 
This  amount  is  probably  rather  less  than  half  the  total  ex¬ 
penditure  on  industrial  research  in  the  United  States,  the 
difference  being  due  to  the  expenditures  by  industries  (rail¬ 
roads,  public  utilities,  and  so  forth)  not  covered  in  the  sur¬ 
vey.  The  companies  were  asked: 


Is  your  research  budget  regulated  by 

1.  Sales  volume? 

2.  Proportional  profits? 

3.  Other  factors? 


Twenty-two  pei  cent  of  the  companies  replying  to  this 
question  said  that  their  research  budget  is  based  on  sales 
volume;  12  per  cent,  that  it  is  regulated  by  proportional 
profits;  and  6  per  cent  give  consideration  to  both  sales  and 
profits.  Sixty  per  cent,  however,  said  that  other  factors  con¬ 
trol  the  size  of  the  research  budget,  among  them  the  needs  of 
the  business  and  general  business  conditions.  Eightv-five 
per  cent  of  the  companies  said  that  their  research  activities 
are  continuous,  regardless  of  the  apparent  immediate  needs 
of  the  business  or  of  the  business  trend. 

4  Trends  in  Industrial  Research  and  Patent  Practices  ”  K’. ,  . 
sociation  of  Manufacturers,  New  York,  1948.  ’  Natlonal  As_ 
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A  comparison  on  research  expenditure  is  actually  very 
difficult  to  obtain  because  of  the  variations  in  the  activities 
classified  as  research  in  different  companies.  It  is  much 
easier  to  compare  the  total  expenditures  on  research,  de¬ 
velopment,  and  experimental  work,  because  these  include 
all  expenditure  of  this  type  charged  to  general  expense  and 
not  to  the  current  factory  cost  of  production.  Even  this  ratio 
varies  widely  among  different  companies.  In  the  National 
Association  of  Manufacturers  report  referred  to  above,  the 
average  percentage  of  sales  spent  on  research  by  the  com¬ 
panies  answering  the  questionnaire  is  given  as  1.60.  The 
figures  vary  from  0.44  to  3.34  for  different  industries,  but 
they  require  further  analysis  to  be  of  real  value.  The  chemi¬ 
cal  industries,  for  instance,  are  shown  as  spending  a  smaller 
percentage  of  sales  in  1947  than  in  1939.  Companies  active 
in  research  and  development  and  therefore  growing  rapidly 
spend  between  2  and  5  per  cent  of  their  sales  on  research, 
development,  and  experimental  work.  In  the  case  of  the 
Eastman  Kodak  Company,  the  figure  is  about  4  per  cent,  of 
which  one-quarter  (1  per  cent)  is  spent  in  the  central  re¬ 
search  laboratory.  Small  companies  which  aspire  to  growth 
and  are  active  in  research  need  to  spend  a  greater  amount  on 
research  relatively  to  sales  than  large  companies.  Thus,  in 
the  National  Association  of  Manufacturers  report,  the  ratio 
rises  rapidly  for  companies  doing  research  with  sales  of  less 
than  $1,000,000  a  year. 

When  considering  expenditure  on  research,  management 
usually  desires  to  know  what  financial  return  may  be  ex¬ 
pected.  Again,  it  is  very  difficult  indeed  to  get  definite  figures. 
The  research  work  results  in  new  products,  in  improvements 
in  products,  in  reduced  manufacturing  costs.  The  laboratory 
also  trains  men,  affects  the  policy  of  the  company,  has  value 
for  advertising  and  publicity.  These  results  are  difficult  to 
assess  financially.  Valuable  estimates  could  probably  be 
made  if  the  normal  conventions  of  accounting  were  not  fol¬ 
lowed  too  closely.  In  the  American  Cyanamid  Company,  the 
research  work  of  each  group  is  analyzed  and  its  cost  com- 
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pared  with  the  dollar  sales  of  the  products  derived  from  that 
group.  Due  allowance  is  made  for  the  assistance  received 
from  the  central  laboratory.  Thus  each  group  director  re¬ 
ceives  a  monthly  statement  showing  his  costs  and  the  sales 
of  products  related  to  his  work.  The  director  is  said  to  find 
this  statement  stimulating,  and  the  figures  show  clearly  the 
replacement  of  old  by  new  products  as  the  result  of  research. 
Those  who  use  systems  like  the  above  recognize  that  they 
cannot  be  applied  to  all  phases  of  laboratory  work  and  con¬ 
fine  themselves  to  estimating  the  savings  or  profit  resulting 
from  the  development  work  that  has  actually  been  carried 
through  into  plant  production  or  operation.  This  estimate  is 
necessary  because  it  is  not  possible  to  evaluate  in  dollars  and 
cents  the  importance  of  programs  of  long-range  research  or 
of  the  many  indirect  services  that  the  laboratory  provides. 

More  than  a  guess  is  difficult,  if  not  impossible,  as  to  the 
percentage  of  the  total  savings  or  profit  on  any  particular 
operation  that  should  be  credited  to  the  laboratory,  since 
the  sales  and  manufacturing  or  operating  departments  fre¬ 
quently  have  a  considerable  part  in  making  an  innovation 
successful.  It  is  customary  to  choose  an  arbitrary  percentage 
of  the  total  savings  or  profit  and  to  credit  it  to  the  laboratory. 
F.  Olsen  discusses  the  general  subject  of  evaluating  the  re¬ 
sults  of  research  and  the  system  used  at  the  Western  Car- 

ti  idge  Company  for  estimating  the  returns  from  its  research 
activities.5 


To  most  laboratories,  a  much  more  general  estimate  of  the 
value  of  their  work  is  all  that  is  available.  W.  R.  Whitnev 
who  organized  the  research  laboratory  of  the  General  Electric 
Company,  said  once  in  private  conversation  that  in  a  reallv 
successful  laboratory,  if  the  gross  profit 6  from  the  new  goods 
introduced  as  a  result  of  the  research  were  credited  on  the 
one  side,  its  annual  amount  should  be  equal  to  the  whole 


5  “Research  in  Industry/’  edited  by  C.  C  Furnas  n  40?  n  v  at 
trand  Company,  Inc.,  New  York,  1948.  ’  P‘  ’  D'  ^  Nos' 
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accumulated  cost  of  the  research  laboratory  up  to  date.  If 
the  gross  profit  of  the  articles  introduced  were  wholly 
credited  to  the  laboratory,  the  return  from  the  research 
should  be  100  per  cent  a  year  of  its  cost.  This  statement 
means  that  each  year  the  increase  in  the  gross  profit  on 
goods  introduced  on  the  market  as  a  result  of  the  research 
work  should  be  equal  to  the  annual  cost  of  the  research 
laboratory.  The  pronouncement  was  startling  when  first 
heard,  but  experience  has  shown  that  in  some  companies,  at 
any  rate,  the  gross  profits  from  goods  introduced  as  the 
result  of  the  work  of  the  research  laboratory  are  greater  than 
the  total  cost  of  the  research  laboratory  to  date,  and  each 
year  the  increase  in  that  gross  profit  is  greater  than  the  an¬ 
nual  cost  of  the  laboratory.  It  must  be  remembered  that 
these  figures  are  for  gross  profit  and  that  no  allowance  has 
been  made  for  the  development  work  required  to  translate 
the  laboratory  work  into  production.  Even  if  it  is  taken  into 
account,  however,  and  if  general  overhead  and  selling  cost 
reduce  the  gross  profit  to  a  much  smaller  net  profit,  there  is 
no  doubt  that  the  financial  return  on  research  expenditure  is 
excellent. 

R.  P.  Russell  in  his  lecture  in  1947  on  “The  Organization 
of  Industrial  Research,”  delivered  to  the  Federation  of 
British  Industries,  gave  an  estimate  prepared  by  the  Stand¬ 
ard  Oil  Development  Company  of  the  value  of  its  research 
and  development  work  for  the  past  10  years.' 


The  research  appraised  dealt  primarily  with  manufacturing 
and  processing,  and  the  return  on  the  money  spent  was  consid¬ 
ered,  first,  as  savings  in  royalty  payments  that  would  otherwise 
have  gone  to  outside  research  and  development  groups;  second,  as 
savings  in  manufacturing  costs  through  the  improvement  of  exist¬ 
ing  processes  and  products;  and  third,  as  added  profits  realized 
from  new  product  development.  The  manufacturing  and  market¬ 
ing  groups  of  our  company  naturally  made  substantial  contribu¬ 
tions,  particularly  in  the  latter  two  categories,  so  that  the  savings 

7  See  Chap.  VII,  127. 
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and  profits  are  by  no  means  due  solely  to  research  and  develop¬ 
ment.  But  in  all  cases  the  effort  probably  would  not  have  been 
initiated  except  through  research  and  development. 

The  savings  in  royalties  which  otherwise  would  have  been  paid 
to  outside  groups  amounted  to  £3,700  for  each  thousand  pounds 
spent  on  research  and  development;  profits  realized  through  im¬ 
provements  in  existing  processes  and  products  were  £9,600;  profits 
from  new  products  were  £2,100.  This  makes  a  total  of  £15,400  of 
added  profit  to  the  stockholders  for  each  thousand  pounds  spent 
by  the  research  and  development  groups. 


In  such  over-all  figures,  the  unsuccessful  or  the  unremu- 
nerative  work  of  the  laboratory  is,  of  course,  accepted  with 
the  outstanding  successes.  Selected  examples  of  financial 
gain  from  industrial  research  have  very  little  value  except 
to  whet  the  appetite  of  industrial  managemeent.  The  service 
work  of  the  laboratory,  the  fundamental  scientific  work,  the 
processes  that  were  promising  enough  to  justify  a  consider¬ 
able  amount  of  development  but  not  good  enough  to  adopt _ 

all  these  add  to  the  cost  of  the  laboratory  and  must  be  paid 
for  by  the  outstanding  successes.  Nevertheless,  over  a  long 
period  of  years,  many  laboratories  can  show  a  record  of  new 
developments  that  have  amply  repaid  their  cost  and  made  a 
good  profit  on  the  investment.  So  attractive  would  this  ap¬ 
pear  to  the  investor  that  it  would  seem  possible  to  expand 
the  activity  of  industrial  research  laboratories  continually, 
but  there  are  other  factors  that  limit  the  expenditure  on  re¬ 
search  even  where  the  financial  return  on  the  research  work 
itself  is  as  large  as  indicated. 


The  cost  of  placing  new  goods  on  the  market  is  not  only 

t  e  cost  of  ,he  rescarcl1'  0n  the  average,  the  research  is  onlv 
about  10  per  cent  of  the  total  cost  necessary  to  introduce  a 
new  product.  The  development  work  required  before  a  prod¬ 
uct  .s  marketable  costs  about  2%  times  the  research,  and  the 
factory  expend.ture  for  tools  or  special  machines  or  equip! 

8  It  should  be  remembered  that  this  figure  is  only  an  average  Different 
indmdual  products  will  vary  greatly  in  the  relative  cost  of  research 
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ment,  inventory,  and  so  on,  is  nearly  twice  as  much  as  the 
research  and  development  costs  together.  Assuming  a  total 
cost  for  the  introduction  of  a  new  product  as  100  per  cent,  65 
per  cent  may  be  factory  cost;  25  per  cent,  development;  and 
only  10  per  cent,  research. 

It  is  seen  that  the  cost  of  new  products  is  dependent  not 
so  much  upon  the  amount  spent  upon  research  as  upon  the 
amounts  involved  in  their  introduction.  The  lowest  possible 
cost  of  research  cannot  decrease  the  cost  of  new  products  by 
as  much  as  10  per  cent.  Of  far  more  importance  than  the 
cost  of  the  research  work  is  the  correct  choice  of  the  new 
introductions  The  time  for  careful  consideration  is  after 
the  research  work  is  done  and  before  money  is  spent  on  de¬ 
velopment.  Again,  after  the  development  work  is  done,  the 
question  of  production  should  be  reviewed  objectively. 

The  selection  of  research  projects  and  the  utilization  of 
the  results  obtained  in  the  laboratory  are  considered  later. 
The  chief  factor  that  limits  the  effectiveness  of  expenditure 
on  industrial  research  arises  from  the  cost  of  introduction  of 
new  products  If  the  figure  of  ten  times  the  research  cost  (it 
is  often  higher)  is  accepted,  the  effective  expenditure  on 
research  will  be  limited  by  the  rate  at  which  production  can 
be  expanded.  It  is  useless  to  work  out  new  products  that  the 
company  cannot  afford  to  manufacture.  An  active  research 
laboratory  can  give  both  the  manufacturing  and  sales  de¬ 
partments  indigestion  because  they  cannot  make  or  market 
new  products  as  rapidly  as  the  laboratory  originates  them. 
An  expenditure  of  $1,000  on  successful  research,  which  is 
little  more  than  a  month’s  cost  for  one  scientist,  will  involve 
a  capital  expenditure  of  $10,000  in  manufacturing  facilities, 
will  require  a  new  workman  in  the  plant,  and  will  need  an 
addition  of  several  thousand  dollars  to  the  working  capital 
for  inventories  and  accounts  receivable.  It  is  this  additional 
cost  which  sets  the  limit  to  effective  expenditure  on  indus¬ 
trial  research 

Whereas  no  rule  has  yet  been  worked  out  for  the  amoun 
of  research  and  development  that  an  industry  can  utilize, 
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as  much  should  be  done  as  the  industry  can  absorb  and  make 
effective  in  salable  product.  The  stipulation  is,  however, 
that  the  research  should  be  in  a  field  of  science  or  technology 
which  is  fairly  directly  related  to  the  basic  development 
interests  of  the  company  and  that  the  development  work 
must  be  such  'that  it  will  be  utilized  by  the  company.  Re¬ 
search  and  development  work  which  is  not  utilized  either 
directly  or  indirectly  is  of  no  value  whatever  from  an  indus¬ 
trial  point  of  view,  and  it  is  not  uncommon  to  see  a  program 
of  industrial  research  started  without  any  provision  for  en¬ 
suring  that  any  results  will  really  be  utilized  in  the  business. 

In  the  early  days  of  industrial  research,  the  chief  prob¬ 
lem  in  the  organization  of  a  research  department  was  to 
establish  its  autonomy  and  authority,  and  the  senior  author 
in  his  writings  laid  much  stress  on  these  matters.  The  danger 
for  the  newly  established  research  laboratory  was  that  it 
might  become  merely  a  service  laboratory,  dealing  with  test¬ 
ing,  trouble  shooting,  and  perhaps  a  little  development  work. 
Any  long-range  program  was  likely  to  be  undertaken  at  the 
direct  request  of  some  high  executive  interested  in  its 
prosecution.  As  the  value  of  research  to  industry  became 
established  and  recognized,  the  problem  of  organization  was 
no  longer  to  obtain  freedom  and  support  for  the  research 
program.  Instead,  it  was  the  coordination  of  the  research 

work  with  the  manufacturing  and  sales  activities  of  the 
business. 


The  policy  and  organization  of  an  industrial  research 
laboratory  are  greatly  affected  by  its  relations  with  the 
manufacturing  and  sales  departments  of  the  business  and 
these  relations  vary  greatly  according  to  the  nature  of  the 
business  and  the  personalities  involved.  Indeed,  primarily 
such  relations  are  not  really  between  departments  but  be- 

meT  e  ideal  b“  0rganiza(i011’  depart¬ 

ment-manufacturing,  sales,  and  research-would  have  its 

own  functions  clearly  defined  and  would  then  cooperate 

freely,  without  friction  or  difficulty,  for  the  advantage'  If 

business  as  a  whole.  In  practice,  it  is  not  possible  to 
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limit  each  department  exactly  to  those  functions  for  which 
it  is  ideally  suited,  nor  is  it  possible  to  ensure  perfectly 
smooth  cooperation.  The  extent  to  which  the  ideal  is  ap¬ 
proached  depends  upon  the  personalities  of  the  individuals 
concerned  but  this  can  be  assisted  by  adequate  control  from 
the  general  management  and  by  the  traditional  policies  of 
the  company. 

Coordination  of  research  and  development  throughout  the 
company  can  be  effected  conveniently  by  a  committee  pre¬ 
sided  over  by  the  vice-president  in  charge  of  research  and 
development  or  by  the  president  or  chairman  of  the  com¬ 
pany.  On  this  committee,  the  manufacturing  and  sales  de¬ 
partments  are  represented  by  their  chief  executives,  and  the 
general  manager  or  his  representative  is  also  present.  The 
agenda  of  the  committee  meetings  include  not  only  the  proj¬ 
ects  under  the  control  of  the  research  and  development  de¬ 
partment  but  all  projects  involving  expenditures  for  research, 
development,  engineering,  or  experimental  work.  This  total 
expenditure  is  often  much  greater  than  that  controlled 
directly  by  the  research  and  development  department.  The 
Eastman  Kodak  Company,  for  example,  in  1948  spent 
$3,000,000  in  its  research  laboratory,  but  a  total  of  $14,- 
000,000  was  charged  to  expenditures  on  experimental  work 
of  all  kinds. 

Foote  describes  the  system  evolved  for  coordination  in  the 
Gulf  Oil  Corporation,  as  follows:  9 

A  large  integrated  petroleum  corporation  with  offices  and  staffs 
located  all  over  the  world  is  an  exceedingly  complicated  affair. 
The  research  department  must  serve  the  needs  of  all  the  basic 
divisions  of  the  corporation  activities,  such  as  exploration,  pro¬ 
duction  of  crude,  manufacturing,  transportation,  and  sales.  Each 
division  and  subdivision  in  the  operating  groups  has  high-grade 
technically  trained  men  whose  cooperation  and  advice  are  essen¬ 
tial  to  the  efficient  direction  of  research.  The  chief  problem  in 
research  management  is  a  mechanism  whereby  is  secured  the 
active  support  of  qualified  operating  groups  and  executive  officers 

»  Private  communication. 
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and  by  which  the  policies  of  the  various  corporation  divisions, 
often  with  conflicting  interests,  are  coordinated.  As  a  simple 
example,  it  may  be  unwise  to  pursue  a  research  activity  in  manu¬ 
facturing  if  the  production  department  appears  unable  to  supply 
the  raw  material  required,  or  if  perhaps  the  legal  department 
finds  it  inadvisable  in  this  regulated  economy  for  sales  to  develop 
the  markets. 

In  a  small  organization,  it  may  be  feasible  for  the  research 
director  personally  to  serve  as  the  coordinating  agent  or  through 
his  superior,  the  president  of  the  company,  to  whom  every  research 
department  should  report.  In  a  large  organization,  such  personal 
activity  is  impossible  and  resort  must  be  had  to  a  system  of 
committees. 

Although  there  exists  much  prejudice  against  the  committee 
form  of  administration,  with  proper  selection  of  membership,  and 
with  suitable  supervision  by  a  man  whose  chief  duty  is  to  see  that 
the  agendas  are  carefully  prepared  in  advance  of  the  meetings, 
that  suitable  minutes  are  summarized  and  circulated,  and  that 
action  on  the  committee  recommendations  is  promptly  effected, 
committees  can  function  efficiently.  This  requires  a  great  deal  of 
work  but  has  the  advantage  that  final  recommendations  have  the 
support  of  a  group  representing  varied  interests.  It  is  better  to 
obtain  this  support  before  large  expenditures  are  made  than  to 
try  to  sell  the  results  later,  and  probably  takes  less  time  in  the 
long  lun  of  all  the  corporate  officials  concerned. 


The  Chairman  of  the  Research  Advisory  Committee  should  be 
the  vice-president  in  charge  of  research,  or  the  research  director. 
The  secretary  of  the  committee  should  be  a  highly  trained  techni¬ 
cal  man  who  enjoys  coordinating  activity,  who  is  able  to  pre¬ 
pare  well  summarized  reports,  and  who  has  a  wide  acquaintance 
among  the  technical  personnel  of  the  corporation.  Perhaps  seven 
or  eight  operating  officials,  including  a  representative  of  the  pat¬ 
ent  department,  executive  assistants  to  the  president  and  heads  of 
departments  in  close  contact  with  research,  should  constitute  the 
committee.  It  is  very  important  to  have  men  who  are  willing  to 
give  considerable  time  to  this  work  but  who  still  have  authority 
m  the  corporation.  In  general  this  group  should  consist  of  vice- 
1  esidents,  assistant  vice-presidents,  and  general  managers 
Such  a  group  will  soon  find  that  they  do  not  have  a  sufficiently 
broad  picture  from  the  corporate  standpoint  to  ad*« 
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tently  on  matters  involving  difficult  technology.  The  research 
director  may  submit  briefs  from  his  department  heads  but  infor¬ 
mation  of  this  type  is  internal  as  far  as  research  is  concerned  and 
does  not  represent  the  corporation  as  a  unit.  It  is  therefore  neces¬ 
sary  to  set  up  a  rather  large  group  of  highly  specialized  panels, 
each  with  membership  representing  technologists  throughout  the 
corporation  who  are  actually  concerned  with  the  particular  prob' 
lem  in  question.  Membership  on  a  panel  is  usually  limited  to  six, 
with  a  representative  from  every  operating  department  concerned, 
including  a  member  from  research,  all  of  whom  must  be  in  direct 
charge  of  a  broad  project  in  the  particular  field.  The  Chairman  of 
the  Panel  receives  instructions  from  the  Research  Advisory  Com¬ 
mittee,  and  the  duty  of  the  panel  is  to  obtain  the  cooperative 
recommendations  of  all  specialists  in  the  subject,  regardless  of 
where  employed  in  the  corporation.  Often  the  duties  of  separate 
panels  overlap  and  means  are  provided  for  joint  meetings  and 
exchange  of  information. 

While  again  the  panel  system  involves  considerable  time  and 
sacrifice  on  the  part  of  its  members,  it  affords  a  stimulating  outlet 
to  men  in  the  operating  departments  who  thereby  demonstrate 
that  they  can  assume  responsibility  in  an  advisory  capacity.  The 
panel  recommendations  are  given  careful  consideration  by  the 
Advisory  Committee.  If  approved  and  if  involving  additional  ex¬ 
penditures  over  the  Research  Budget,  the  Advisory  Committee 
requests  the  president  and  his  finance  committee  to  authorize  the 
funds  required.  In  one  recent  research  project  involving  a  large 
expenditure  outside  our  regular  budget,  nearly  one  hundred  men 
in  every  department  of  the  corporation  collaborated.  These  men, 
by  close  cooperation,  will  make  the  project  successful.  At  least 
there  will  be  no  concerted  effort  against  the  development,  since 
every  one  is  committed  on  the  advisability  of  the  enterprise. 


Chapter  IX 


Internal  Organization  of  the  Laboratory 


Scientists  collaborating  in  the  investigation  of  technical 
problems  require  some  form  of  organization,  not  only 
to  facilitate  the  production  of  valuable  results,  but  to 
define  their  duties,  individual  responsibilities,  and  privileges. 
The  organization  should  encourage  freedom,  cooperation, 
and  initiative  and  provide  for  the  development  of  group 
enterprise.  It  should  be  considerate  of  the  idiosyncrasies  of 
individuals,  and  on  no  account  should  it  limit  or  hinder  the 
work  in  hand. 

The  basic  problem  in  the  organization  of  a  scientific  group 
is  to  set  up  a  system  which  will  permit  the  individuals  to 
apply  to  the  fullest  extent  their  knowledge  and  abilities  in 
the  direction  of  whatever  is  of  greatest  importance  to  the 
laboratory.  The  only  virtue  in  organization  of  any  sort  is 
to  assist  the  scientist  and  the  technical  supervision  to  this 
end.  In  a  small  laboratory,  indeed,  it  is  possible  to  avoid  any 
organization  whatsoever  as  long  as  the  research  director 
can  keep  in  close  contact  with  the  scientists. 


As  the  laboratory  grows,  it  becomes  necessary  to  define 
clearly  the  areas  of  work  to  be  investigated  by  the  different 
groups  and  individuals  and  to  provide  means  of  coordinating 
their  programs.  At  this  stage,  some  more  or  less  formal  plan 
of  laboratory  organization  is  desirable,  although  the  degree 
to  which  this  plan  is  strictly  adhered  to  necessarily  varies.  A 
research  laboratory  cannot  follow  a  strict  line  organization 
ike  that  of  a  manufacturing  department,  and  the  fact  that 
most  laboratories,  as  discussed  below,  actually  operate  with 
hybnd-type  organizations  indicates  clearly  that  compromises 

effectively  '  “  °rder  t0  USe  the  Scientific  staff 
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When  a  new  laboratory  is  being  established  with  a  small 
staff,  it  is  often  best  for  no  organization  to  be  set  up.  As  the 
laboratory  functions,  it  soon  becomes  apparent  who  are  the 
natural  leaders  and  what  their  scientific  interests  and  capa¬ 
bilities  are.  The  organization  plan  can  then  evolve  around 
the  abilities  of  individuals  as  a  matter  of  natural  develop¬ 
ment.  This  working  arrangement  may  be  formalized  and  an 
organization  diagram  set  up  to  describe  the  actual  function¬ 
ing  system.  As  the  laboratory  grows,  however,  increasingly 
greater  attention  must  be  given  to  a  formal  organization 
and  the  director  must  give  further  serious  consideration  to 
a  long-range  plan  in  order  to  avoid,  as  far  as  possible,  later 
disturbing  reorganizations  of  men  and  programs  throughout 
the  whole  laboratory. 

When  a  formal  plan  of  organization  becomes  necessary, 
several  very  important  factors  must  be  taken  into  consider¬ 
ation.  The  first  is,  of  course,  the  number  of  leaders  available 
who  can  be  put  in  charge  of  laboratory  sections  or  groups. 
The  second  factor,  as  discussed  below,  is  the  philosophy  and 
plan  of  research  direction  used  by  the  director.  Up  to  a  cer¬ 
tain  point,  it  is  possible  to  build  the  laboratory  around  the 
available  leaders  and  to  achieve  a  smoothly  working  and 
effective  system  of  laboratory  operation.  These  outstanding 
persons  sometimes  leave  the  laboratory,  however,  and  must 
be  replaced.  When  the  organization  has  been  keyed  too  closely 
to  the  individual  capabilities  and  idiosyncrasies  of  such  men, 
it  is  practically  impossible  to  find  replacements  who  fit  pre¬ 
cisely  into  their  positions.  For  this  reason,  a  logical  system 
of  organization  based  upon  distribution  of  work  should  be 
adopted,  at  least  in  principle.  It  may  not  be  possible  to  follow 
this  plan  at  any  one  time,  and  it  may  be  necessary  to  tem¬ 
porize  and  to  rely  on  ad  hoc  solutions  of  organizational  prob¬ 
lems.  If  the  director  has  in  mind  some  reasonable  scheme  ot 
organization,  however,  he  can  always  work  in  the  direction 
of  implementing  his  plan  and  attempt  to  develop  individ¬ 
uals  for  the  supervisory  positions.  In  the  long  run  the  dis¬ 
advantages  of  temporizing  are  probably  to  be  preferred  to 
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filling  responsible  positions  with  persons  of  doubtful  scien¬ 
tific  and  administrative  ability. 

It  is  significant  that  except  for  variations  in  detail,  asso¬ 
ciated  principally  with  administration,  a  common  pattern 
of  organization  has  evolved  essentially  independently  in 
industrial  laboratories  in  the  United  States  serving  different 
industries,  whose  scientific  staffs  are  made  up  of  men  with 
approximately  the  same  training.  This  similarity  apparently 
results  from  an  evolutionary  adaptation  to  the  needs  of 
industry  and  from  a  common  recognition  of  the  factors  of 
importance  in  scientific  industrial  research.  Systems  com¬ 
monly  used  are  described  below,  though  there  are  others 
which  apparently  operate  quite  satisfactorily. 

The  individual  is  the  ultimate  unit  of  the  laboratory  or¬ 
ganization,  but  his  activities  should  in  many  cases  be  inte¬ 
grated  with  those  of  others,  which  naturally  leads  to  the 
formation  of  a  group  of  workers  who  have  certain  objectives 
or  knowledge  in  common.  Such  a  group  may  be  concerned 
with  only  one  phase  of  a  broad  program  or  field  of  science 
or  technology,  related  work  being  done  by  others.  It  is  ad¬ 
vantageous,  therefore,  to  coordinate  the  parts  of  the  whole 
program  by  combining  the  separate  groups  into  a  larger 
organizational  unit.  The  process  of  combining  laboratory 
units  progresses  to  a  point  where  the  individuals  can  no 
longer  work  effectively  and  creatively;  this  point  may  be 
reached  with  a  unit  consisting  of  one  individual,  or  the  con¬ 
solidation  may  continue  until  there  are  100  or  more  persons 
included  within  a  single  major  laboratory  division.  The 
major  divisions  are  designated  departments ;  they  are  sub¬ 
divided  into  sections;  and  these,  in  turn,  into  groups  The^e 
terms  are  used  for  the  most  part  in  this  book,  although  other 
terms  are  sometimes  employed  in  different  laboratories. 

The  size  and  disposition  of  the  groups  depend  principal^ 
on  the  system  used  by  the  director  to  allocate,  coordinate 
and  guide  the  technical  work  of  the  laboratory.  When  a  defi- 
mte  plan  of  research  direction  has  been  formed,  the  disposi¬ 
tion  of  the  various  technical  groups  within  the  organization 
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becomes  theoretically  simple,  although  in  practice  many 
compromises  of  a  minor  or  major  nature  must  be  accepted. 

In  a  small  laboratory  of,  say,  10  technically  trained  men 
and  their  assistants,  there  should  be  no  problem  of  organiza- 


Fig.  4.  Plan  of  a  small  laboratory  organization. 


tion.  The  director  can  follow  the  work  adequately  and  guide 
personally  those  engaged  in  research  and  development  prob¬ 
lems;  he  may;  however,  delegate  responsibility  for  routine 
technical  service  or  specific  development  problems  to  men 
in  charge  of  small  groups.  A  plan  of  such  a  small  oiganiza- 
tion  might  be  drawn  as  shown  in  Fig.  4,  but  such  a  plan  has 
no  particular  meaning  and  is  really  unnecessary. 
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The  organization  chart  of  an  intermediate-  or  large-size 
laboratory  should  be  drawn  primarily  to  fit  the  personnel 
involved.  The  obvious  parallel  for  such  a  chart  is  the  form 
used  for  the  organization  charts  of  factories,  which  are  de¬ 
rived  from  the  military  type  of  organization.  The  various 
supervisory  levels  in  the  factory  organization  correspond  to 
ranks  with  direct  line  responsibility,  as  shown  in  a  typical 
chart  in  Fig.  5.  Such  a  chart,  however,  gives  a  very  poor 
approximation  to  the  organization  of  a  research  laboratory, 
which  is  derived,  rather,  from  the  form  of  Fig.  4.  For  a 


Fin.  6.  Organization  of  a  medium-size  laboratory. 

medium-size  laboratory,  it  may  correspond  to  that  shown  in 
Fig.  6.  Figure  7  represents  the  evolution  of  this  system  to  fit 
a  laboratory  of  considerable  size.  The  departure  from  the 
strict  line  organization  results  from  the  direct  contacts  be- 
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tween  the  director  and  the  technical  men,  and  between  the 
men  in  the  different  departments  at  all  supervisory  or  work¬ 
ing  levels.  The  director  sets  the  policy  that  determines  the 
extent  of  such  by-passing  of  lines  of  authority  and,  conse¬ 
quently,  the  pattern  of  technical  direction  of  the  work. 

The  administration  of  the  laboratory  should  provide  for 
smooth  and  effective  transition  of  the  technical  work  from 
one  phase  to  the  next,  which  frequently  means  from  one 
group  of  workers  to  another.  The  mechanism  depends  upon 
the  organization  and  the  distribution  of  the  work  within  the 


Fig.  7.  Organization  of  a  laboratory  of  considerable  size 


different  departments,  sections,  and  groups.  A  number  of 
ogical  bases  can  be  used  in  grouping  the  scientists  and  tech¬ 
nologists  in  a  large  laboratory.  Examples  may  be  found  ol 
grouping  according  to  fields  of  science  or  technology  i  c 
chemistry,  physics,  metallurgy;  fields  of  investigation  ie’ 
high  polymers  color  photography,  x-ray  tubes;  or  the  sta'e 
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of  application,  such  as  fundamental  research,  applied  re¬ 
search,  development,  pilot  plant.  In  addition  to  the  research 
and  development  work  of  a  laboratory,  there  is  need  for 
service  of  a  scientific  or  technical  nature,  routine  or  non- 
routine,  for  those  actively  engaged  in  programs  of  research. 
A  laboratory  section  may,  therefore,  be  set  up  to  provide 
such  service. 

The  factors  to  be  considered  in  adopting  a  plan  of  organi¬ 
zation  for  a  convergent-type  laboratory  can  be  illustrated  by 
the  considerations  that  led  to  the  early  organization  adopted 


Fig.  8.  The  relation  of  the  sciences  to  photographic  problems. 


for  the  Kodak  Research  Laboratories,  which,  established  in 
1912,  was  originally  a  strictly  convergent  laboratory  concen¬ 
trated  on  the  study  of  photography.  Unlike  chemistry  or 
electricity,  the  basic  science  of  photography  is  not  studied 
in  the  universities.  There  are  no  chairs  of  photographic  sci¬ 
ence,  and  the  only  instruction  is  for  directly  vocational  and 
practical  use.  Since  the  future  of  the  Eastman  Kodak  Com¬ 
pany  depended  upon  the  advancement  of  the  science  of  pho¬ 
tography,  the  newly  established  laboratory  concentrated  its 
attention  upon  the  basic  science  of  the  subject. 
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The  branches  of  science  of  chief  importance  in  photo¬ 
graphic  problems  are  those  of  optics  in  physics  and  of  the 
colloidal,  physical,  and  organic  branches  of  chemistry.  The 
relations  of  these  sciences  to  photographic  problems  are 
shown  in  graphic  form  in  Fig.  8.  Optics  deals  on  its  geomet¬ 
rical  side  with  the  materials  used  in  photography,  such  as 
cameras,  lenses,  and  shutters,  and  on  its  physical  side  with 
such  materials  as  color  filters  and  illuminants  and  especially 
with  the  stud}  of  the  relation  of  the  photographic  image  to 
the  light  by  means  of  which  it  is  produced — a  study  known 


Fig.  9.  Different  branches  of  photographic  research. 

as  sensitometry  The  manufacture  of  the  sensitive  material 
self,  the  emulsion,  is  a  province  of  colloid  and  physical 
SSJg  chemistry  dealing 

and  nature  of  the  sensitive  silver  salts  formed  in  the  eelatin 
layer,  whereas  physical  chemistry  concerns  the  nature  ol  the 
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reactions  that  go  on  both  in  the  formation  of  the  sensitive 
substance  and  in  its  subsequent  development  after  exposure. 
T.  lie  oi  ganic  chemist  prepares  the  many  compounds  required 
for  photographic  development  and  the  dyes  by  which  color 
sensitivity  is  given  to  the  photographic  materials  and  by 
which  the  art  of  color  photography  can  be  carried  on.  The 
physicist  deals  with  sensitometry  and  the  theory  of  expo¬ 
sure;  the  chemist  must  deal  also  with  the  theory  of  develop¬ 
ment  and  with  the  conditions  relating  to  the  development  of 
photographic  images. 

It  was  apparent  that  a  laboratory  devoted  to  the  study  of 
photographic  problems  should  have  a  number  of  sections 
dealing  with  the  different  branches  of  photographic  research, 


a  b  c  o  E 


Fig.  10.  Basic  plan  for  the  range  of  specific  investigations  of  scientists. 


as  shown  in  Fig.  9.  These  branches  required  that  sections  of 
the  laboratory  be  set  up  and  staffed  with  physicists  having 
specialized  training;  with  organic,  physical,  and  colloid 
chemists;  and  with  photographic  technologists  and  scien¬ 
tists  having  specialized  knowledge  in  various  fields  of  pho¬ 
tographic  science  and  technology.  In  these  different  sections, 
both  fundamental  research  on  photographic  theory  and  the 
applications  of  science  to  photography  were  carried  on.  In 
order  to  group  the  sections,  three  main  departments  of  the 
laboratory  were  organized,  a  physics  department,  a  chemis¬ 
try  department,  and  a  photographic  department. 

To  guide  the  work  of  the  laboratory  with  its  relatively 
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small  staff,  each  of  the  scientific  specialists  worked  in  a  rela¬ 
tively  limited  field.  Special  attention  was  devoted  primarily 
to  this  one  field,  but  the  scientist’s  sphere  of  activity  over¬ 
lapped  that  of  other  sections,  although  it  was  expected  that 
his  general  knowledge  of  the  whole  subject  would  cover  a 
much  wider  range.  Friction  between  the  workers  in  the  dif¬ 
ferent  sections  was  avoided  by  restricting  the  degree  of  over¬ 
lapping  of  interests.  The  area  of  such  a  subdivision  of  work 
is  illustrated  in  Fig.  10,  which  shows  a  basic  plan  for  the 
range  of  the  specific  investigations  of  scientists  covering  the 


Fig.  11.  Laboratory  organized  into  departments  according  to 

fields  of  science. 


broad  field  of  research  between  sensitometry  and  pure  physi¬ 
cal  Chemistry.  The  illustration  assumes  that  there  are  five 
workers  in  this  range:  a  physicist;  B,  a  physicist  with 
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Fig.  12.  Laboratory  organized  into  departments  according  to 

stage  of  application. 
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special  training  in  chemistry;  C,  a  physical  chemist  with 
training  in  photography;  D,  a  physical  chemist  with  spe¬ 
cial  knowledge  in  photographic  theory;  and  E,  a  physical 
chemist. 

With  the  growth  of  the  Kodak  Research  Laboratories,  the 
director  found  it  necessary  to  delegate  increasingly  more 
responsibility  for  the  coordination  of  the  scientific  work. 
Furthermore,  the  expansion  of  its  interests  led  to  an  increase 
in  the  number  of  specialized  fields  of  scientific  investigation, 
so  that  much  of  the  work  could  no  longer  be  coordinated 
according  to  the  scheme  illustrated  in  Fig.  10.  This  growth 
necessitated  considerable  revision  of  the  original  plan,  and 
the  present  structure  is  a  compromise  which  includes  ele¬ 
ments  of  organization  corresponding  to  schemes  illustrated 
in  Figs.  11  to  13,  to  be  discussed. 

A  laboratory  may  be  organized  into  departments  each  of 
which  corresponds  to  a  field  of  science,  a  stage  of  applica¬ 
tion,  or  a  field  of  investigation,  i.e.,  a  function.  A  large  pho¬ 
tographic  research  laboratory  organized  on  the  basis  of  sub¬ 


ject  or  field  of  science  would  be  divided  into  departments  of 
physics,  chemistry,  photography,  engineering  physics,  and 
others.  Each  of  these  would  be  further  subdivided,  perhaps 
as  shown  in  Fig.  11.  If  the  laboratory  work  were  grouped 
according  to  stage  of  application,  the  arrangement  might 
be  that  shown  in  Fig.  12.  Finally,  laboratory  problems  or 
programs  might  be  grouped  broadly  into  fields  of  investiga¬ 
tion  or  according  to  some  other  functionally  integrated 
plan.  For  the  photographic  laboratory,  the  division  into 
fields  of  investigation  could  lead  to  the  organization  shown 

1  For  a  detailed  discussion  of  the  organization  of  a  functionally  coordi¬ 
nated  research  laboratory,  see  “The  Coordination  of  Motive  Men  and 

o  ^  published  by  thc  Standard  Oil  Company 

1  California,  1946.  This  booklet  is  valuable  for  its  detailed  analvi,  nf 

^  h°WeVer’  dlSCUSS  broadly  Cheques- 


“Organtzatkm  of^[  °R“10”  ?  ?  “T*  Moratory,  see 
Industrial  Research  Institute,  New  York,  1945^'°’  publlshed  b>'  the 
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Fig.  13.  Laboratory  organized  into  departments  according  to 
fields  of  investigation. 
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in  Fig.  13.  Other  functional  divisions  are  used  in  different 
laboratories.  They  are  based  principally  upon  distributing 
the  work  among  basic  research,  process,  product,  and  tech¬ 
nical-service  departments  and  are  particularly  applicable  to 
laboratories  serving  companies  concerned  with  the  large- 
scale  conversion  of  raw  materials  to  finished  chemical  prod¬ 
ucts,  as  typified  by  the  petroleum  industry. 

An  important  difference  in  the  systems  described  lies  in 
the  distribution  of  the  technically  trained  staff  among  the 
departments.  In  the  separation  according  to  fields  of  science, 
as  illustrated  in  Fig.  11,  each  department  is  staffed  only 
with  men  trained  in  one  or  a  closely  related  science  and 
therefore  is  the  exclusive  source  of  research  or  development 
in  that  field.  In  the  other  systems,  a  department  is  staffed 
with  scientists  having  whatever  training  is  required  to  carry 
out  its  program  and  may  be  made  up  of  chemists,  physicists, 
metallurgists,  or  any  other  combination  of  specialists. 

In  actual  practice,  most  laboratories  are  hybrids  of  several 
of  the  departmental  systems,  with  some  grouping  according; 
to  fields  of  science  worked  in  with  one  of  the  other  functional 
arrangements. 


The  distribution  of  work  according  to  the  different  types 
of  organization  can  perhaps  best  be  illustrated  by  using  spe¬ 
cific  examples.  One  of  the  important  fields  of  research  of  the 
odak  Research  Laboratories  is  color  photography.  The 
eld  is  extremely  broad  and  covers  such  divprsp 


problems  in  color  pho- 
among  the  departments, 
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sections,  and  groups,  and  the  coordination  of  the  whole  pro¬ 
gram  would  require  considerable  attention  and  the  constant 
cooperation  of  many  research  and  development  men  respon¬ 
sible  to  different  supervisors  and  department  heads.  On  the 
other  hand,  in  a  laboratory  using  field-of-investigation  de- 
pai  tmentation.  most  of  the  wrork  on  color  photography 
wrould  be  carried  on  in  one  department  under  the  general 
supervision  of  one  head. 

There  are  obvious  advantages  and  disadvantages  to  the 
different  systems,  and  the  best  for  a  particular  field  of  re¬ 
search  depends  upon  a  number  of  factors.  Perhaps  the  most 
important  consideration  is  the  degree  to  which  the  duplica¬ 
tion  of  skill,  knowledge,  and  equipment  in  the  functional 
organization  is  offset  by  the  greater  simplicity  and  direct¬ 
ness  of  coordination  and  planning  of  the  work.  This  dupli¬ 
cation  can  be  avoided  to  a  certain  extent  if  a  department, 
designated  as  Technical  Services  in  Figs.  12  and  13,  is  estab¬ 
lished  to  provide  research,  development,  or  service  assist¬ 
ance  to  all  of  the  departments  concerned  with  special  fields 
of  work. 

The  technical  services  department  is  made  up  of  groups 
whose  activities  are  not  confined  to  the  programs  of  any  one 
department  but  who  are  available  to  undertake  certain 
phases  of  research  and  development  work  or  to  provide  rou¬ 
tine  technical  service  at  the  request  of  the  other  depart¬ 
ments.  In  general,  the  techniques  of  the  groups  are  special¬ 
ized.  The  technical  services  department  undertakes  basic 
research  problems  and  also  makes  routine  measurements. 
Its  size  is  set  by  the  needs  of  the  laboratory,  and  the  decisive 
factor  in  determining  whether  a  particular  activity  should 
be  centered  in  the  technical  services  group  or  elsewhere  is 
whether  the  activity  is  carried  on  solely  for  one  department 
or  for  several.  The  technical  services  department  may  be 
divided  into  sections  grouped  according  to  the  field  of  sci¬ 
ence.  The  plan  of  such  a  department  for  a  photographic 
laboratory  might  be  that  shown  in  Fig.  14. 

In  general,  laboratories  of  the  convergent  type  have  the 
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Fig.  14.  Plan  of  technical  services  department  for  a 
photographic  laboratory. 
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same  basic  problems  of  organization  as  those  discussed  above 
for  a  photographic  laboratory;  their  work  is  spread  among 
many  sciences  and  many  branches  of  technology,  although 
their  prime  objectives  may  be  limited  to  applications  In 
relatively  restricted  industrial  fields.  At  the  other  extreme 
are  laboratories  whose  work  is  confined  to  a  single  field  of 
science,  so  that  the  problem  of  departmentation  is  different 
from  that  considered  above,  and  a  form  of  organization 
according  to  stage  of  application  or  some  other  functional 
division  may  be  most  efficient.  Examples  may  be  found  in 
laboratories  of  chemical  manufacturers  or  of  those  engaged 
in  the  design  and  construction  of  instruments  or  equipment 
for  physical  operations. 

As  already  mentioned,  practically  all  laboratories  operate 
with  a  hybrid  organization  that  includes  features  of  the 
various  systems  of  work  allocation.  The  system  used  by  any 
one  laboratory  has  been  evolved  from  its  particular  needs 
and  by  the  persons  doing  and  directing  the  work.  It  is  not 
possible  to  set  up  an  organization  without  taking  such  fac¬ 
tors  into  account,  and  it  is  therefore  inevitable  that,  although 
many  laboratories  may  be  alike  in  broad  outline,  they  differ 
in  detail. 

The  coordination  of  research  and  development  programs 
and  the  administration  of  laboratories  organized  on  different 
bases  are  discussed  in  the  next  chapter. 

The  sizes  of  the  technical  groups  in  a  research  laboratory 
depend  upon  the  system  of  dividing  the  work  among  the 
separate  departments,  but  other  primary  considerations  are 
the  size  of  the  laboratory,  the  nature  of  the  problems,  and 
the  temperament  of  the  individuals. 

The  size  of  the  laboratory  staff  has  not  only  an  obvious 
direct  effect  on  the  sizes  of  the  groups  but  the  indirect  one  of 
determining  the  number  of  groups,  sections,  or  departments 
reporting  to  persons  in  supervisory  or  administrative  capac¬ 
ities.  Thus  the  laboratory  director  should  determine  the 
number  of  department  heads  desirable.  In  turn,  a  depart¬ 
ment  head  must  restrict  the  number  of  sections  under  his 
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supervision;  and  a  section  head,  the  number  of  groups  for 
which  he  is  responsible.  This  subject  is  discussed  in  greater 
detail  later  but  warrants  mention  here.  Perhaps  the  most 
important  factor  in  this  connection  is  whether  the  type  of 
supervision  exercised  is  principally  technical  or  adminis¬ 
trative. 

For  a  given  laboratory  staff,  the  sizes  of  the  groups  depend 
to  a  large  extent  upon  the  stage  of  application  of  the  techni¬ 
cal  work  being  done;  this  is  true  for  the  smaller  as  well  as 
the  larger  laboratory  units.  In  general,  groups  engaged  in 
fundamental  research  are  small,  since  it  is  not  possible  for 
one  person  to  direct  effectively  the  work  of  more  than  a  very 
few  men.  As  the  work  progresses  and  becomes  more  and 


more  specific  in  nature,  its  various  components  can  usually 
be  definitely  assigned  to  different  persons,  and  the  investiga¬ 
tions  involve  more  routine,  so  that  the  groups  can  become 
large  and  still  be  satisfactorily  supervised  by  one  person. 
Thus  a  laboratory  section  engaged  primarily  in  development 

or  pilot-plant  work  can  be  much  larger  than  one  concerned 
with  basic  research. 

The  sizes  of  some  of  the  groups  in  a  laboratory  may  be 
determined  by  the  temperaments  of  the  workers  or  of  the 
persons  supervising  them.  The  administrative  ability  of  the 
technical  supervisor  is  frequently  the  factor  that  limits  the 
size  of  a  group,  section,  or  department.  Ideally,  this  should 
not  be  the  case,  and  the  nature  of  the  work  itself  should  set 
the  pattern.  In  practice,  it  is  sometimes  necessary  to  circum¬ 
vent  the  inadequate  administrative  talents  of  a  group  head 
by  forming  several  groups  where  one  should  suffice.  A  ca¬ 
pable  research  man  doing  excellent  constructive  work  mav 
by.  temPerament  be  unable  to  work  with  others  or  even  to 
integrate  his  efforts  with  a  broader  program;  in  this  case 

s  10  ~  — «« - 

Consideration  has  been  given  to  tho  fnrm 
used  in  industrial  laboratories  for  administerh  g  th“f 
eal  and  ac.ent.fic  work.  In  addition,  the  organfzZn  tsi 
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make  available  certain  nontechnical  services.  It  must  take 
care  of  business  operation,  such  as  the  handling  of  financial, 
personnel,  and  clerical  matters;  and  it  must  provide  techni¬ 
cal  information  to  the  scientific  staff  and  to  other  divisions 
of  the  company.  All  are  responsibilities  of  the  director,  since 
they  apply  to  all  scientific  and  technological  units  of  the 
laboratory ;  many  of  them  are  delegated  by  him.  The  degree 
of  direct  control  which  the  director  retains  over  business, 
financial,  and  personnel  matters  varies  considerably  in  dif¬ 
ferent  laboratories,  but  usually  the  details  are  turned  over 


Fig.  15.  Complete  organization  plan  of  an  industrial  research  laboratory. 

to  an  administrative  assistant. 

The  nontechnical  services,  the  responsibility  for  which  is 
almost  always  delegated  by  the  director,  include  maintain¬ 
ing  and  operating  the  physical  plant;  procuring  and  dis¬ 
tributing  supplies  and  equipment ;  and  running  the  machine, 
carpenter,  glass-blowing,  and  other  shops. 

Information  of  a  scientific  and  technological  nature  must 
be  provided  for  the  individual  research  workers;  this  is  fur- 


Companies 


Internal  Organization  of  the  Laboratory 


S'- 

<£> 

tr> 

Business 

Manager 

Business 

Manager 

Business 

Manager 

Business 

Manager 

Business 

Manager 

Business 

Manager 

Business 

Manager 

Business 

Manager 

Business 

Manager 

Department  of 

Technical 

Information 

Executive 
Assistant 
to  Director 

Director 

Executive 
Assistant 
to  Director 

Executive 
Assistant  to 
Director 

Director 

Business 

Manager 

Business 

Manager 

Business 

Manager 

Business 

Manager 

Business 

Manager 

co 

Assistant 
Director 
of  Division 

Technical 

Service 

Department 

Director  and 
Technical 
Service 
Department 

Technical 

Service 

Department 

Research  Di¬ 
vision  Heads 
and  Patent 
Department  ’ 

Technical 

Service 

Manager 

Director 
and  Tech. 
Service 
Manager 

Asst.  Direc¬ 
tor  and  Tech. 
Service 
Manager 

Asst.  Direc¬ 
tor  and  Tech. 
Service 
Manager 

Patent  and 
Information 
Service  Dept. 

- 

Business 

Manager 

Business 

Manager 

Business 

Manager 

Business 

Manager 

Director 
and  Staff 

7J 

| 

■*-* 

u 

!  2 

4> 

§ 

1 

M  • 

to  to 

-I 

o 

o 

U 

<D  ?  C 

v  a 

§ 

c  a 

OT 

c 

c  .5  o 

•s  g 

£ 

c  £ 

(4 

to  E  s 

-C  u. 

O  At 

3  "D  <* 

O  O 

Z  w 

a 

rtl  v* 

H  £ 

tJ 

a 

eJ 

I 

a> 

bfl 

t-. 

cd 

C3 

<u 

> 

a> 

CO 


os  a> 


«8 

o 


CO 


d 

l-H 


195 


196 


Industrial  Scientific  Research 

nished  by  the  library,  the  system  of  laboratory  reports,  and 
the  patent  information  service  of  the  laboratory  or  company. 
There  must  be  a  source  of  technical  information  which,  at 
the  discretion  of  the  director,  can  be  supplied  to  the  manu¬ 
facturing,  sales,  and  advertising  departments  or  to  the  public. 
Usually  the  operation  of  the  library  and  the  report  system 
is  delegated,  though  the  responsibility  for  the  dissemina¬ 
tion  of  technical  information  concerned  with  laboratory- 
company  relationships  is  retained  by  the  director  or  one  of 
his  administrative  assistants. 


Fig.  17.  Chart  of  a  practicable  system  of  laboratory  management  and 
personnel  used,  with  minor  variations,  by  many  large  industrial  labora¬ 
tories  in  the  United  States 
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The  complete  organization  plan  of  an  industrial  reseai  ch 
laboratory  includes  the  nontechnical  functions  just  dis¬ 
cussed.  They  may  be  shown  in  a  general  way  by  expanding 
the  center  portion  of  Fig.  7  (as  shown  in  Fig.  15),  with  the 
understanding  that  the  administrative  nucleus  serves  equally 
all  of  the  scientific  groups. 

In  many  laboratories,  a  number  of  the  nonscientific  ad¬ 
ministrative  functions  are  combined  under  the  supervision 
of  one  head,  although  the  particular  grouping  varies.  Figure 
16  is  a  chart  of  the  practices  in  seven  large-  and  medium- 
size  laboratories  in  the  United  States.  Examination  of  this 
chart  shows  that  it  is  fairly  common  for  the  director  to  dele¬ 
gate  the  nonscientific  operations  of  the  laboratory  to  an 
assistant,  who  for  consistency  is  here  called  the  laboratory 
business  manager.  Laboratory  management  and  personnel 
are  discussed  at  length  in  Chap.  XVI,  and  the  degree  to 
which  the  director  retains  personal  control  over  parts  of 
these  functions  is  discussed  in  Chap.  XII.  To  anticipate 
some  of  the  conclusions  and  to  consolidate  the  present  dis¬ 
cussion  of  organization,  a  chart  of  a  practicable  system  such 
as  is  used,  with  minor  variations,  by  many  of  the  large  in¬ 
dustrial  laboratories  of  the  United  States  is  presented  in 
Fig.  17. 

The  director  of  a  laboratory  may  have  one  or  more  per¬ 
sonal  staff  assistants  who  have  no  line  or  operating  respon¬ 
sibility  but  who  act  in  an  advisory  capacity  or  undertake 
specific  assignments  as  his  representatives.  Such  assistants 
may  be  concerned  with  technical  and  scientific  matters,  with 
intracompany  relationships,  or  with  any  of  the  administra¬ 
tive  duties  retained  by  the  director.  Except  in  specific,  des¬ 
ignated  cases,  these  assistants  do  not  control  any  of  the 
laboratory  operations. 

In  many  of  the  larger  laboratories,  an  assistant  (or  associ¬ 
ate)  director  is  second  in  authority  and  acts  for  the  director 
in  his  absence.  The  assistant  director  also  may  be  respon¬ 
sible  for  certain  parts  of  the  laboratory  operations,  either 
technical  or  nontechnical.  The  director  is  thus  relieved  of 
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much  detail  work  and  can  be  in  closer  contact  with  the  sci¬ 
entific  workers  and  their  problems. 

In  addition  to  the  problems  common  to  industrial  re¬ 
search,  there  are  factors  that  affect  the  organization  of  any 
specific  laboratory.  Some  have  been  touched  upon,  but 
others  require  further  discussion. 

The  objectives  of  the  laboratory  must  be  taken  into 
account  in  adopting  a  plan  of  organization.  They  vary  con¬ 
siderably,  from  providing  plant  control  and  plant  trouble 
shooting  in  a  small,  newly  founded  laboratory  to  concen¬ 
trating  on  pioneering  applied  research  in  the  central  labora¬ 
tory  of  a  very  large  industrial  concern,  where  the  develop¬ 
ment  and  pilot-plant  functions  are  carried  out  in  a  number 
of  manufacturing  or  operating  plants.  Intermediate  is  the 
centralized  laboratory  which  does  all  of  the  research  and 
most  of  the  development  work  for  its  company  under  the 
control  of  the  research  director. 

A  small  laboratory  principally  engaged  in  practical  prob¬ 
lems  of  immediate  interest  may  resemble  the  technical- 
services  department  of  a  larger  laboratory.  The  scope  of 
operations  does  not  usually  permit  basic  research,  and  the 
development  work  is  restricted  at  any  one  time  to,  at  most, 
a  few  programs.  Adequate  provision  must  be  made  for  rou¬ 
tine  service.  In  general,  the  system  of  organization  is  rela¬ 
tively  unimportant,  since  the  director  can  personally  see 
that  coordination  of  the  work  is  satisfactorily  maintained. 
As  the  laboratory  grows  and  the  director  is  unable  to  keep 
in  personal  touch  with  the  work,  a  formal  organization  is 
necessary.  The  form  depends  upon  the  decision  of  the  com¬ 
pany  management  to  expand  preferentially  the  research, 
development,  or  service  functions  and  on  the  director  s 
autonomy  in  regulating  this  expansion.  In  any  event,  every 
effort  should  be  made  to  set  up  a  plan  permitting  expansion 

with  a  minimum  of  reorganization. 

In  many  of  the  large  industrial  concerns,  development 
work  is  done  in  the  manufacturing  or  operating  departments 
and  is  controlled  by  them.  The  amount  of  such  work  vanes 
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considerably  in  different  companies.  The  entire  development 
program  for  a  company,  however,  should  be  integrated  as 
effectively  as  possible,  and  there  should  be  a  clear  under¬ 
standing  about  the  type  of  work  to  be  done  in  the  laboratory 
and  that  to  be  done  in  the  plant.  When  there  is  such  an 
understanding  and  a  suitable  system  of  coordinating  all  the 
work  has  been  set  up,  the  laboratory  can  consider  the  best 
system  for  carrying  on  its  share.  It  is  not  possible  to  general¬ 
ize  further  except  to  note  that  the  distribution  between 
research  and  development  work  in  the  laboratory  depends 
upon  the  amount  of  development  carried  out  in  the  oper¬ 
ating  departments.  WTien  plant  development  work  is  exten¬ 
sive,  the  laboratory  spends  much  of  its  time  on  basic  and 
applied  research. 

A  laboratory  devoted  mainly  to  fundamental  and  applied 
research  is  usually  operated  by  a  system  permitting  maxi¬ 
mum  freedom  for  the  research  workers.  The  need  for  close 
coordination  of  work  between  groups  is  not  so  great  as  in 
the  case  of  development  work,  and  laboratory  units  can  be 
formed  according  to  the  needs  of  the  problems  and  programs. 
Such  groups  are  smaller  than  those  engaged  in  development 
work.  Though  they  do  not  require  close  supervision,  means 
should  be  provided  to  ensure  the  results  of  their  work  being 
evaluated  and  careful  consideration  given  to  the  develop¬ 
ment  of  practical  results  from  it. 

The  Bell  Telephone  Laboratories  represent  a  special 
case  m  which  a  large  amount  of  fundamental  as  well  as 
applied  research  is  carried  out  in  a  laboratory  of  industry. 
Substantially  all  of  the  professional  staff  engaged  in  funda 
mental  research  are  members  of  a  research  department 
which  does  not  concern  itself  with  the  development  or  de- 
sign  phases  of  telephone  technology.  When  new  knowledge 
is  obtained  from  research  that  offers  promise  of  practical 

STuTthe  d6  ,ab°rat0rieS  d6Vel™‘  departments 
eairy  out  the  development  and  design  activities  essential 

or  the  establishment  of  complete  information  for  the  man 
°f  *he  new  Panels  made  possible  by  the  research 
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programs.  Members  of  the  research  department  act  as  ad¬ 
visers  and  consultants  to  the  development  departments.  The 
research  department  is  organized  into  a  number  of  sections 
according  to  subject  matter  and,  in  fact,  constitutes  in  itself 
an  industrial  laboratory  devoted  solely  to  research. 

The  greatest  emphasis  in  most  industrial  laboratories  is 
placed  on  development,  i.e.,  on  the  improvement  of  existing 
or  the  introduction  of  new  products  and  processes.  For  such 
work,  close  coordination  of  the  problems  and  programs  is 
essential  from  their  very  early  stages  to  the  point  of  commer¬ 
cial  application.  This  coordination  involves  transition  from 
laboratory  group  to  laboratory  group  and  from  the  laboratory 
to  the  operating  departments,  either  at  the  development 
stage  or  at  the  stage  of  commercial  application.  In  organiz¬ 
ing  a  laboratory  of  this  type,  a  system  should  be  set  up  for 
ensuring  effective  cooperation  both  within  the  laboratory 
and  between  the  laboratory  and  the  operating  departments. 
Such  cooperation  can  only  be  maintained  by  constant  atten¬ 
tion  on  the  part  of  the  laboratory  supervision,  and  conse¬ 
quently  a  more  direct  system  of  technical  control  is  required 
than  for  the  research-type  laboratory.  This  need  for  control 
must  be  kept  in  mind  when  the  form  of  organization  to  be 
used  is  being  considered.  In  most  cases,  one  of  the  functional 
systems  seems  to  be  preferred  to  that  based  on  fields  of 

science. 

It  is  no  longer  common  practice  in  the  larger  companies 
for  the  research  laboratory  to  assume  extensive  routine 
service  or  control  responsibilities  for  manufacture  or  opera¬ 
tions.  On  the  other  hand,  plant  service  is  frequently  pro¬ 
vided  by  some  of  the  smaller  laboratories  and,  indeed,  may 
represent  a  large  percentage  of  their  activities.  Whatever 
the  extent  of  the  plant  service  work,  a  system  of  organiza¬ 
tion  must  be  used  which  will  ensure  service  being  given  rap¬ 
idly  and  effectively,  and  the  information  and  data  obtained 
sent  to  the  operating  departments  with  minimum  delay.  1 
the  service  is  extensive,  a  separate  department  may  be  pro¬ 
vided  for  it  If  it  is  more  or  less  secondary  in  importar  , 
iS  Jork  ean  be  handled  in  a  technical  services  department. 
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In  certain  laboratories  of  intermediate  or  large  size,  some 
new  developments  are  carried  through  the  point  of  actual 
production  or  operation.  This  practice  is  most  common 
where  the  development  leads  to  a  type  of  product  not 
already  being  manufactured  by  the  company  and  for  which 
there  is  no  manufacturing  experience  and  equipment.  The 
laboratory  may  manufacture  the  product  for  direct  sale, 
therefore,  or  for  sale  through  another  department  of  the 
company  until  such  time  as  it  seems  desirable  for  the  plant 
to  take  over  the  operation.  A  common  variation  of  this  pro¬ 
cedure  is  for  the  laboratory  to  sell  directly  or  indirectly  the 
output  of  its  pilot-plant  operation  as  long  as  it  is  responsible 
for  the  particular  development. 

The  pilot-plant  and  laboratory  production  functions  of 
laboratories  serving  most  types  of  industry  are  usually  car¬ 
ried  on  in  a  separate  department  or  in  a  section  of  a  develop¬ 
ment  department.  Such  operations  frequently  represent  the 
point  at  which  the  scientific  work  is  completed  and  the  engi¬ 
neering  problems  are  undertaken,  and  the  type  of  personnel 
required  may  be  different  from  that  engaged  in  the  research 
and  development  phases.  The  separation  of  the  pilot-plant 
and  production  activities  from  the  other  parts  of  the  organi¬ 
zation  responsible  for  the  preliminary  work  also  serves  as  a 
link  m  the  chain  of  transition  from  laboratory  to  plant  and 

provides  a  test  for  the  thoroughness  and  completeness  of  the 
laboratory  job. 

The  semi -isolation  of  pilot-plant  and  laboratory  produc¬ 
tion  is  not  always  desirable.  In  convergent-type  laboratories 
organized  according  to  field  of  investigation,  a  development 
may  be  so  novel  or  complex  that  its  application  requires  the 
special  and  detailed  experience  of  the  men  who  have  partici 
pated  in  the  earlier  research  work.  In  this  case  it  is  K  *  ♦ 
include  the  premanufacturing  work  within  „  r ’  \  b  f*  t0 
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The  performance  of  an  industrial  research  laboratory 
depends  primarily  upon  the  research  director  and  his 
technical  staff.  The  director  is  responsible  for  integrat¬ 
ing  the  laboratory  work  with  that  of  the  other  departments 
of  the  company  and  for  seeing  that  the  laboratory  opera¬ 
tions  carried  on  are  consistent  with  over-all  company  policy. 
It  is  his  responsibility  to  conduct  research  of  importance  to 
the  company,  to  select  from  the  results  of  the  research  new 
products  for  the  market,  to  develop  these  new  products  to 
the  stage  of  early  customer  acceptance,  and  to  effect  im¬ 
provements  in  products  and  processes.  He  must  ensure  that 
new  developments  are  followed  up  if  commercially  desirable 
and  that  opportunities  for  research  and  development  work 
in  the  laboratory  are  adequate.  He  must  act  in  an  advisory 
capacity  to  the  whole  company  in  technical  matters  and 
must  assume  a  responsible  part  in  considering  important 
technical  personnel  problems  and  matters  relating  to  the 
technical  organization  of  other  company  divisions. 

The  research  director  must  ensure  satisfactory  relation¬ 
ships  between  the  laboratory  and  other  divisions  of  the  com¬ 
pany.  He  must  ensure  that  adequate  assistance  is  provided 
for  the  manufacturing  and  sales  divisions,  that  technical 
service  is  available  to  the  operating  departments,  that  the 
laboratory  acts  as  a  consultant  on  technical  problems,  and 
that  where  cooperative  work  is  being  carried  on  with  other 
company  divisions  the  laboratory  does  its  share  of  the  work. 
In  general,  the  laboratory  must  act  as  an  independent  stall 
organization  of  the  company  with  responsibilities  to  the 
company  divisions,  and  the  director  must  see  that  these 
responsibilities  are  fulfilled. 
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The  director  of  research  has  a  very  great  part  in  the  choice 
of  the  work  of  the  laboratory;  it  is  his  direct  responsibility 
to  place  emphasis  on  the  various  research  and  development 
programs,  and  he  must  make  the  final  decisions.  This  respon¬ 
sibility  includes  indicating  broad  fields  for  fundamental 
research  and  making  decisions  about  specific  development 
objectives  for  the  laboratory. 

In  a  small  industrial  laboratory,  all  of  the  responsibilities 
outlined  above  can  be  taken  care  of  by  the  research  director. 
In  a  larger  laboratory,  where  the  technical  work  is  more 
diversified  and  where  more  time  must  be  spent  in  coordi¬ 
nating  the  laboratory  activities  with  those  of  other  depart¬ 
ments  of  the  company,  a  single  man  cannot  look  after  the 
details  adequately.  In  many  of  the  larger  companies,  this 
problem  has  been  solved  by  appointing  a  vice-president  in 
charge  of  research.  He  is  responsible  for  the  over-all  opera¬ 
tion  of  the  laboratory  and  for  maintaining  satisfactory  rela¬ 
tions  between  the  laboratory  and  the  other  company  depart¬ 
ments.  The  vice-president  then  delegates  laboratory  opera¬ 
tion  to  a  director  of  research.  The  division  of  work  between 
the  vice-president  in  charge  of  research  and  the  director 


varies,  but  usually  the  former  concerns  himself  with  com- 
pany  matters  and  the  latter  with  conducting  the  research 
and  development  programs  of  the  laboratory. 

In  some  laboratories,  the  research  director  is  replaced  by 
a  small  group,  each  of  whom  takes  responsibility  for  one 
aspect  of  the  work  of  the  laboratory.  Thus  the  laboratory 
may  be  controlled  by  a  triumvirate,  of  whom  one  is  essen¬ 
tially  a  scientist,  one  an  engineer,  and  one  an  administrator 
Sometimes  the  retirement  of  an  outstanding  director  makes 
it  seem  impossible  to  fill  his  place,  and  a  group  is  appointed 
as  a  replacement.  Normally,  however,  some  one  of  the  group 
eventually  assumes  leadership,  and  the  early  recognition  of 
that  leadership  may  be  necessary  in  the  interests  of  har- 

Inmar7  cases>  the  director  can  be  aided  in  his  work 

caWThf  ^  E  SmaU  gF0UP  °f  hiS  Seni°r  staff  forminS  a 
cabinet.  This  arrangement  is  particularly  valuable  in  a  small 
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laboratory,  where  the  director  has  a  limited  staff  and  finds 
it  necessary  to  fulfill  many  functions  himself. 

The  amount  of  time  that  the  director  spends  on  matters 
relating  to  general  company  operation  and  the  part  of  the 
laboratory  in  it,  compared  with  that  spent  on  technical  mat¬ 
ters  in  the  laboratory,  varies  considerably  and  depends  upon 
his  position  in  the  general  company  structure  and  his  success 
in  delegating  work.  The  percentage  of  the  director’s  time 
taken  up  with  company  operation  varies  from  25  to  75  per 
cent  in  different  companies,  but  in  most  cases  the  director 
spends  about  75  per  cent  of  his  time  on  laboratory  matters 
of  either  a  technical  or  an  administrative  nature.  Inasmuch 
as  practice  varies  in  different  companies  and  since  in  smaller 
laboratories  one  man  can  handle  all  of  the  duties  of  the 
director,  no  distinction  is  made  here  between  an  organiza¬ 
tion  having  a  vice-president  in  charge  of  research  and  a 
director  and  one  having  only  one  official  to  carry  out  these 
functions.  In  any  case,  the  man  in  ultimate  charge  of  the 
laboratory  must  have  the  same  qualifications  whether  he 
uses  them  himself  or  delegates  part  of  the  work  to  others. 

The  efficiency  and  accomplishment  of  an  industrial  labo¬ 
ratory  depend  to  a  very  large  extent  upon  the  director.  It 
may  be  said  of  research  laboratories,  as  of  other  human 
institutions,  that  they  are  the  reflex  of  a  man.  The  large 
industrial  research  laboratories  have  passed  through  a  critical 
stage  in  which  the  founding  directors  are  passing  and  are 
being  replaced  by  their  successors.  Their  experience  shows 
to  how  great  an  extent  the  success  of  a  research  laboratory 
is  dependent  upon  the  individuality  of  its  director.  There  are 
laboratories  which  have  had  a  distinctly  successful  career 
and  which,  with  the  passing  of  the  directors  who  organized 
and  developed  them,  have  fallen  into  obscurity.  It  is  ex¬ 
tremely  difficult,  moreover,  to  find  suitable  men  to  direct 
industrial  laboratories.  The  director  of  an  industrial  research 
laboratory  must  be  both  a  scientist  and  an  executive,  and  he 
must  have  an  interest  in  and  a  capacity  for  the  commercial 
operations  of  the  business  in  which  he  is  engaged.  The  rea- 
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son  he  must  be  interested  in  the  commercial  operations 
of  his  company  is  that  he  must  make  his  laboratory  pay; 
and  if  he  does  not  know  how  to  do  that,  no  one  else  can  do  it 
for  him. 

Warner  Eustis,  director  of  research  for  the  Kendall  Com¬ 
pany,  says: 

It  is  important  .  .  .  that  the  research  management  shall  offer 
vision  and  leadership  of  a  broad  type.  ...  There  must  be  some 
men  in  the  organization  who  are  more  promotional  than  scientific, 
yet  have  good  scientific  understanding.  Without  the  promotor, 
erudite  and  valuable  scientific  work  is  not  used,  for  the  promotor 
is  the  first  disciple  from  whom  all  other  disciples  must  be  in¬ 
spired.  Although  scientific  workers  are  largely  interested  in  things 
and  not  in  commerce,  they  are  easily  disappointed,  easily  soured, 
easily  discouraged,  if  they  feel  or  know  that  their  thoughts  and 
discoveries  do  not  have  adequate  and  sympathetic  utilization. 
Even  though  an  industrial  organization  be  carefully  knitted  to¬ 
gether  whereby  the  sales  department  is  anxious  for  new  things 
and  the  manufacturing  department  willing,  happy  and  aggressive 
to  endure  the  upsetting  effects  of  change,  the  problem  of  moving 
a  new  idea  into  manufacture  and  sale  and  final  acceptance  by  the 

customer  seems  harder  than  the  task  of  doing  the  research  work 
itself. 


It  is  even  more  difficult  to  select  a  director  for  the  research 
department  of  a  small  company  than  for  the  large  laboratory 
of  a  great  manufacturing  concern.  The  ideal  would  be  a  man 
who  combined  the  necessary  scientific  ability  and  experience 
with  definite  capacity  for  the  executive  operation  of  a  busi¬ 
ness,  so  that  he  could  very  soon  become  one  of  the  senior 
officers  in  charge  of  the  business. 

Unfortunately  though  the  necessary  characteristics  are 
not  really  rare,  there  is  no  source  to  which  those  responsible 
for  the  conduct  of  business  can  turn  for  guidance  in  their 
selection.  What  is  needed  is  a  staff  college  or  university 
department  where  scientists  who  wish  to  specialize  in  the 
application  of  science  can  obtain  postgraduate  training  of 
the  type  supplied  by  the  Harvard  School  of  Business  Ad- 
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ministration  and  where  they  will  be  known  to  be  available 
for  positions.  The  establishment  of  such  training  depart¬ 
ments  in  the  United  States  and  Great  Britain  would  go  far 
toward  supplying  the  present  need  for  the  increased  appli¬ 
cation  of  science  in  the  smaller  businesses. 

Among  other  qualifications  which  the  director  of  a  re¬ 
search  organization  must  have  are  scientific  ability,  integ¬ 
rity  of  character,  and  energetic  activity  as  well  as  good  judg¬ 
ment.  There  are  scientists  who  are  splendid  research  men 
and  can  operate  with  a  small  group  of  assistants  and  obtain 
most  successful  results  but  who  would  be  utterly  useless  in 
charge  of  a  large  laboratory.  They  would  not  have  the 
energy  to  keep  in  touch  with  the  innumerable  details  of  such 
a  laboratory  and,  at  the  same  time,  to  concentrate  on  the 
critical  points  in  the  research  work  and  lead  their  men  rap¬ 
idly  to  a  successful  conclusion  in  each  field  of  work  in  which 
such  a  conclusion  became  possible.  Accounts  of  great  re¬ 
search  leaders  always  refer  to  them  as  spending  time  in  the 
laboratory,  discussing  matters  with  their  staff,  helping  or 
suggesting  in  one  field  after  another,  encouraging  the  de¬ 
spondent,  and  rejoicing  with  the  successful. 

In  a  large  laboratory,  the  director  requires  a  personal 
staff,  which  generally  includes  the  business  manager,  the 
assistant  director,  and  one  or  more  personal  assistants  re¬ 
sponsible  for  certain  sections  of  the  laboratory  administra¬ 
tion.  The  success  of  the  director’s  work  depends  to  a  consid¬ 
erable  extent  upon  the  smooth  and  harmonious  cooperation 
of  this  staff.  The  rules  for  its  conduct  are  those  which  always 
apply  to  the  use  of  a  staff.  Its  members  should  be  selected 
with  care,  they  must  be  trained  in  their  duties,  and  then 
they  should  be  completely  trusted  and  supported.  They  will 
then  realize  their  responsibility  and  relieve  the  director  oi 
much  detail  work,  leaving  him  free  to  deal  with  his  proper 

work  of  direction.  . 

The  active  working  group  of  a  research  laboratory  consis  s 

of  a  senior  staff  of  first-rate  training  and  of  considerable 
experience  in  research,  a  junior  staff  obtaining  experience  in 
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methods  of  research  under  the  guidance  of  the  seniors,  and 
a  certain  number  of  assistants  without  special  scientific 
training  who  carry  out  routine  work  under  the  direction  of 
the  scientific  staff. 

Since  many  of  the  more  important  scientific  discoveries 
have  been  made  by  men  of  transcendent  genius,  there  is  a 
general  belief  that  research  work  must  depend  upon  such 
men  for  its  execution  and  that  the  prosecution  of  research 
depends  upon  the  development  of  men  of  exceptional  cali¬ 
ber.  Though  it  is  true  that  men  differ  greatly  in  ability  and 
that  their  value  for  research  work  varies,  the  fact  remains 
that  much  scientific  research  depends  upon  the  accumula¬ 
tion  of  facts  and  measurements,  an  accumulation  requiring 
many  years  of  patient  labor  by  numbers  of  investigators  but 
not  demanding  any  special  originality  on  the  part  of  the 
individual  worker.  Provided  that  an  investigator  is  well 
trained,  is  interested  in  his  work,  and  has  a  reasonable  pro¬ 
portion  of  new  ideas,  he  can  make  valuable  contributions  to 
scientific  research  even  though  he  is  entirely  untouched  by 
anything  that  might  be  considered  as  the  fire  of  genius.  And 
in  considering  the  planning  of  research  laboratories,  it  can¬ 
not  be  assumed  that  men  who  are  geniuses  can  be  obtained. 
All  that  can  be  assumed  is  that  it  will  be  possible  to  obtain, 
at  a  fair  rate  of  recompense,  well-trained,  average  men  hav¬ 
ing  a  taste  for  research  and  a  certain  ability  for  investiga¬ 
tion.  It  is,  indeed,  a  matter  of  doubt  how  many  of  the  men 
commonly  considered  to  be  of  great  genius  by  virtue  of  some 
important  discovery  they  have  made  really  possessed  any 
distinguishing  ability  compared  with  their  fellows  who  did 
not  have  the  fortune  to  make  a  similarly  important  discov¬ 
ery.  The  imaginative  mind  often  seizes  an  apparently  trivial 
point  which  a  less  able  mind  might  have  passed  by,  and 
many  men  have  added  to  knowledge  whose  minds  appeared 
o  those  around  them  to  be  so  fired  that  they  illuminated 
everything  that  they  touched,  but  men  of  real  genius  are 

dTne  bvrthaena  ^  ^  °f  *e  WOrk  °f  the  world  must  b^ 
clone  by  the  average  man. 
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Men  who  are  only  average  when  dealt  with  singly  may 
become  extremely  able  by  the  mental  stimulus  provided  by 
association  with  other  men  working  on  similar  problems. 
One  of  the  most  noteworthy  points  in  the  history  of  science 
is  the  way  in  which  an  investigator  of  great  ability  sur¬ 
rounds  himself  with  men  who  afterward  show  great  dis¬ 
tinction  in  their  scientific  careers.  To  some  extent,  this 
phenomenon  is  undoubtedly  due  to  the  fact  that  students  of 
ability  are  attracted  by  the  renown  of  an  original  investiga¬ 
tor,  but  it  is  also  probable  that  the  minds  of  men  are  quick¬ 
ened  by  contact,  and  a  group  of  men  who  taken  individually 
would  be  only  average  can  be  raised  to  a  high  level  of  intel¬ 
lectual  activity  by  association,  and  especially  by  the  precept 
and  example  of  one  first-rate  man.  Every  laboratory  that  is 
to  succeed  must  develop  a  corporate  spirit  and  corporate 
objective;  when  such  a  development  has  taken  place,  re¬ 
sults  of  the  first  magnitude  may  be  looked  for.  The  split¬ 
ting  up  of  such  a  body  of  men  is  no  less  a  loss  than  their 
association  was  a  gain,  and  for  the  production  of  the  best 
research  it  is  desirable  to  facilitate  the  continued  collabora¬ 
tion  of  men  under  circumstances  favorable  for  their  cooper¬ 
ation  in  scientific  work. 

The  senior  staff  of  the  laboratory  should  consist  of  men 
of  the  highest  scientific  attainments  available  and  at  the 
same  time  of  considerable  experience  in  research;  in  fact, 
they  should  be  men  of  such  attainments  as  are  compatible 
with  the  rank  of  professor  or  assistant  professor  in  the  uni¬ 
versity.  As  far  as  possible,  these  men  should  regard  their 
positions  in  a  given  research  laboratory  as  permanent,  and 
they  should  be  given  good  reason  to  consider  them  so,  since 
fluctuations  in  the  senior  staff  are  necessarily  very  detrimen¬ 
tal  to  the  work  of  the  laboratory  and  result  in  the  loss  of 
much  time  and  energy  by  the  abandonment  or  delay  of 
partly  finished  investigations.  Gaps  in  the  senior  staff  should 
be  filled  from  the  junior  staff  if  possible. 

A  certain  number  of  promotions  to  the  higher  positions  in 
the  laboratory  should  be  given  to  men  who  are  quite  young, 
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and  if  such  men  are  not  available  from  the  junior  staff  of 
the  laboratory,  they  must  be  obtained  from  outside.  As 
laboratories  grow  old,  they  must  increasingly  beware  ot 
having  only  old  men  in  positions  of  control.  A  certain  pro¬ 
portion  of  young  men  is  absolutely  necessary,  and  quite 
young  men  who  show  signs  of  great  ability  should  be  pro¬ 
moted  as  rapidly  as  possible.  Training  and  experience  are 
valuable,  but  innate  ability  for  research  is  even  more  val¬ 
uable. 

The  junior  men  may  be  taken  direct  from  the  university 
either  immediately  after  graduation  or  after  1  or  2  years’ 
experience  as  instructors  or  as  postgraduate  research  stu¬ 
dents.  It  is  doubtful  whether  or  not  specific  training  for  the 
work  they  are  to  do  is  advisable.  The  most  important  re¬ 
quirement  is  that  a  man  should  really  understand  his  sci¬ 
ence  (Chap.  XVI,  page  310). 

There  is  a  considerable  advantage  in  choosing  various 
types  of  mind  for  a  laboratory.  Some  men  are  distinguished 
for  their  original  ideas,  others  for  their  balance  in  judgment. 
Some  men  have  a  great  interest  in  the  study  of  the  literature 
and  are  willing  to  act  as  bibliographers  for  their  less  diligent 
comrades.  A  “walking  dictionary”  is  very  valuable  in  any 
branch  of  research  work.  Other  men  display  ability  in  the 
design  of  apparatus  and  even  in  its  actual  construction, 
though,  on  the  whole,  scientifically  trained  research  men 
should  not  be  permitted  to  do  work  that  can  be  done  more 
quickly  and  to  greater  advantage  by  mechanics. 

The  above  discussion  applies,  in  general,  to  the  technical 
staff  of  a  research  laboratory.  The  training  that  a  man  re¬ 
ceives  before  he  enters  a  laboratory  does  not  usually  predis¬ 
pose  him  to  either  research  work  or  development  work  Thi<= 
predisposition  depends  upon  individual  temperament  and 
to  some  extent,  opportunity.  As  indicated  earlier,  in  an 
industrial  laboratory  the  work  ranges  from  fundamental 
scientific  research  to  the  application  of  technical  methods  to 
specific  industrial  uses.  In  general,  the  characteristics  most 
esirable  in  a  man  doing  fundamental  scientific  research  are 
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somewhat  different  from  those  most  valuable  for  develop¬ 
ment  work,  although  some  persons  can  do  either  type  of 
work  well. 

The  man  doing  fundamental  or  pioneering  applied  re¬ 
search  work  must  be  genuinely  interested  in  science  and  in 
obtaining  information  that  adds  to  knowledge.  This  general 
knowledge  usually,  of  course,  has  some  connection  with  the 
commercial  interests  of  the  laboratory,  but  the  attainment 
of  such  knowledge  is  an  end  in  itself.  The  temperament  that 
best  suits  a  man  for  university  research  work  is  also  best 
for  the  scientist  doing  fundamental  research  in  an  industrial 
laboratory.  He  works  on  his  own  initiative,  he  is  not  greatly 
concerned  in  his  investigations  with  the  time  element,  he 
works  by  himself  or  has  the  assistance  of  one  or  two  less 
experienced  scientists.  His  personal  idiosyncrasies  are  not 
of  great  importance,  since  by  the  nature  of  his  work  he 
usually  does  not  cooperate  actively  in  complex  programs 
that  require  that  he  should  work  with  other  groups.  By  far 
the  most  important  qualification  for  a  man  doing  this  type 
of  work  is  his  ability  to  do  research.  It  implies  thinking  cre¬ 
atively,  clearly,  and  imaginatively  and  being  able  to  design 
and  carry  out  experiments  without  extensive  assistance  from 
others.  A  large  industrial  research  laboratory  can  tolerate  a 
few  really  eccentric  individuals  if  they  are  truly  first-rate  re¬ 
search  men.  These  men  are  frequently  a  source  of  irritation 
to  the  laboratory  administration,  but  if  their  productiveness 
is  great  enough,  they  compensate  amply  for  the  annoyance 
\\  they  cause. 

Men  doing  development  work  in  cooperation  with  other 
'  groups  in  the  laboratory,  manufacturing,  or  operating  de¬ 
partments  must  have,  in  addition  to  an  understanding  of 
scientific  methods,  certain  personal  characteristics  not  re¬ 
quired  by  those  doing  purely  scientific  research.  Such  per¬ 
sons  must,  in  particular,  be  able  to  get  along  with  others 
and  to  appreciate  their  viewpoints;  they  must  be  keenly 
aware  of  the  time  element  in  their  work  and  hold  as  a  pri¬ 
mary  objective  the  rapid  solution  of  specific  problems.  It  is 
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more  important  for  a  person  engaged  in  cooperative  work 
to  be  respected  for  his  intelligence  and  integrity.  Men  in 
development  work  must  also  have  energy  and  enthusiasm 
and,  usually,  considerable  patience  in  dealing  with  others. 
Originality  and  leadership  are  necessary  for  those  in  active 
charge  of  development  programs. 

Much  of  the  work  of  an  industrial  laboratory  lies  in  a  < 
field  between  that  of  fundamental  research  and  pilot-plant 
or  engineering  operation.  For  this  intermediate  field,  the 
most  valuable  men  are  those  who  combine  an  appreciation 
of  scientific  methods  with  the  characteristics  of  inventor¬ 
ship.  There  is  no  system  by  which  this  quality  of  inventor¬ 
ship  can  be  taught;  it  appears  to  be  latent  in  some  persons, 
and  it  can  be  encouraged  or  discouraged  depending  upon 
the  opportunities  for  its  growth  and  development.  Persons 
of  this  type  are  quite  rare.  They  can  usually  supply  a  suffi¬ 
cient  number  of  ideas  to  keep  many  other  competent  scien¬ 
tific  or  technical  men  profitably  busy,  yet  rarely  do  they 
have  administrative  ability  which  enables  them  to  direct 
the  work  of  a  large  group  of  other  workers.  This  is  perhaps 
fortunate,  since,  if  their  energy  were  taken  up  in  the  active 
direction  of  research  or  development,  the  result  would  be  a 
reduction  in  inventive  productiveness. 

For  the  successful  operation  of  an  industrial  research  * 
laboratory,  technical  men  of  different  qualifications  are  re¬ 
quired.  It  is  the  successful  integration  of  these  men’s  activi¬ 
ties  and  the  proper  orientation  of  their  abilities  and  temper¬ 
aments  to  the  different  types  of  work  that  are  largely  re-/, 
sponsible  for  the  laboratory’s  success  or  failure. 


Chapter  XI 


The  Selection  of  the  Laboratory  Program 


The  success  of  a  research  laboratory  naturally  depends 
to  a  great  extent  upon  its  over-all  program,  and  much 
has  been  written  about  the  methods  used  by  different 
laboratories  to  select  the  problems  or  projects  which  they 
undertake.  As  with  other  aspects  of  research  organization 
and  direction  it  is  not  possible  to  be  very  specific  on  this 
subject  because  of  the  large  number  of  factors  which  affect 
any  system  of  program  selection  and  organization,  among 
which  may  be  mentioned  the  size  of  the  laboratory,  the 
nature  of  the  company’s  business,  and  the  amount  of  devel¬ 
opment  work  carried  out  in  the  manufacturing  departments. 
Certain  basic  principles,  however,  apply  to  all  industrial 
research. 

Probably  the  most  important  principle  is  that  the  research 
director’s  judgment  in  setting  the  course  of  the  work  of  the 
laboratory  is  the  greatest  single  factor  in  determining  the 
laboratory’s  success.  Problems  may  be  suggested  from  out¬ 
side  the  laboratory,  but  the  final  responsibility  for  the  labo¬ 
ratory’s  program  rests  with  the  director,  and  he  must  decide 
what  investigations  should  be  undertaken  and  in  what  direc¬ 
tions  the  man  power  available  should  be  applied.  It  seems  to 
be  generally  agreed  that  the  most  successful  laboratories  are 
those  in  which  the  director  has  assumed  and  exercised  almost 
complete  control  of  the  selection  of  work.  The  diiector  must 
therefore  have  a  number  of  very  important  qualifications, 
some  of  which  are  pointed  out  in  the  previous  chapter. 

In  the  choice  of  the  laboratory’s  problems,  the  director 
must  take  a  positive  stand  with  the  other  company  execu¬ 
tives.  He  must  be  free  to  undertake  the  work  as  he  chooses 
and  must  see  that  the  program  is  not  dominated  by  the  per- 
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sonal  predilections  of  individuals  or  handicapped  by  techni¬ 
cal  problems  which  can  be  investigated  elsewhere.  The 
director  should  be  constantly  alert  to  changes  in  company 
policy  which  affect  the  laboratory’s  activities.  To  protect  the 
laboratory’s  freedom  from  outside  control,  he  must  ensure 
that  the  importance  of  the  laboratory  to  the  company  is 
maintained  and  recognized. 

In  considering  the  subject  of  problem  selection,  the  dif¬ 
ference  between  research  work  and  development  work  must 
be  understood.  As  pointed  out  earlier  (Chap.  I),  it  has  be¬ 
come  common  practice  to  lump  all  of  the  activities  of  an 
industrial  laboratory  under  the  general  term  “research,” 
whereas  in  fact  most  of  the  work  is  development  and  is 
directed  toward  the  solution  of  fairly  specific  problems.  In  h 
the  present  discussion,  a  distinction  is  made  between  re¬ 
search  and  development. 

Fundamental  research  work  in  an  industrial  laboratory  is 
essentially  similar  to  that  carried  out  in  academic  institu¬ 
tions.  Its  principal  objectives  are  to  add  knowledge  to  a  • 
field  of  science  or  to  explore  a  field  or  fields  of  science  with¬ 
out  consideration  of  any  specific  use  for  the  information  and 
knowledge  derived.  Research  programs  of  this  kind  can 
arise  only  from  the  persons  who  are  doing  the  work  or  who 
are  directing  it.  It  is  possible  for  those  not  immediately  con¬ 
nected  with  the  work  to  suggest  broad  fields  of  investiga¬ 
tion,  but  such  persons  cannot  by  the  very  nature  of  research 
set  out  specifically  what  the  problems  are-much  less  can 

ey  indicate  their  relative  importance.  A  research  problem 
derives  immediately  from  earlier  investigations  by  the  re- 
search  worker  or  by  others  who  are  experimenting  in  related 
elds,  and  It  can  therefore  originate  only  in  a  research  group 
Tim  conclusion  is  substantiated  by  the  statements  of  the 

States0' S  °  a  nUmber  °f  large  laboratories  in  the  United 

A1‘hough  no, one  but  the  scientist  on  the  job  can  select  a 
specific  research  problem,  a  research  director  can  indicate  a 
field  for  scientific  exploration.  Before  this  is  done,  however 
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the  director  must  have  a  clear  understanding  of  the  policy 
of  his  organization  with  respect  to  the  industrial  fields  in 
which  it  is  willing  to  operate,  i.e.,  whether  it  wishes  to  con¬ 
fine  itself  solely  to  its  present  manufacturing  or  operating 
activities  or  is  willing  to  extend  in  new  directions.  If  the 
company  management  is  sympathetic  to  exploiting  new  in¬ 
dustrial  fields  and  is  willing  to  explore  various  possibilities, 
it  can  either  indicate  what  these  fields  are  or  leave  the 
decision  to  the  research  director.  In  either  case,  detailed 
research  programs  which  precede  technical  development 
work  cannot  be  selected  by  any  group  outside  the  laboratory. 

Methods  suitable  for  the  selection  of  programs  for  devel¬ 
opment  are  often  applied  to  the  choice  of  research  problems. 
^Research  objectives  are  defined  and  a  program  planned  in 
-  terms  of  time  and  money.  This  practice  is  not  only  useless — 
it  is  harmful/  The  best  way  to  conduct  research  is  to  decide 
on  the  fields  of  investigation,  to  explore  those  fields,  and  to 
feel  one’s  way  into  the  unknown.  As  new  knowledge  is  ob¬ 
tained,  it  can  be  applied  to  the  technology  of  the  subject 
and  eventually  a  program  of  development  can  be  set  up. 

The  methods  of  selecting  development  programs  and 
problems  are  quite  different  from  those  used  for  research. 
The  same  generalization  can  be  made,  that  the  laboratory 
must  have  a  definite  understanding  of  the  scope  of  the  com¬ 
pany’s  commercial  interests,  although  results,  if  sufficiently 
promising,  may  require  reconsideration  of  this  generaliza¬ 
tion.  When  the  field  of  company  operations  is  defined  and 
clearly  understood  by  the  research  laboratory,  by  the  manu¬ 
facturing  and  operating  departments,  by  the  sales  depart¬ 
ment,  and  by  the  executive  departments,  suggestions  for 
development  problems  related  to  existing  company  business 
may  be  expected  to  arise  from  all  these  sources.  On  the  other 
hand,  development  programs  on  new  products  and  processes 
almost  always  originate  from  research  work  done  in  the 
laboratory/ 

The  amount  of  the  laboratory’s  work  that  originates  from 
outside  depends  on  whether  development  is  carried  on  in 
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other  company  divisions.  In  many  large  industrial  organi¬ 
zations,  much  development  work,  particularly  that  relating 
to  improvements  in  existing  products  and  processes,  is  done 
in  the  manufacturing  departments.  In  such  companies, 
fewer  problems  come  from  the  manufacturing  departments 
to  the  laboratory.  On  the  other  hand,  in  many  of  the 
smaller  companies,  almost  all  of  the  technical  work  is  cen¬ 
tered  in  the  laboratory,  which  must  devote  a  good  share  of 
its  time  to  helping  the  manufacturing  departments  solve 
their  immediate  technical  problems  and  to  improving  man¬ 
ufacturing  methods  and  products. 

Another  important  factor  that  varies  from  company  to 
company  is  the  organization  and  technical  knowledge  of  the 
sales  department.  A  sales  department  which  has  in  it  a 
strong  body  of  technically  trained  men,  preferably  those 
who  have  at  one  time  worked  in  either  the  research  labora¬ 
tory  or  in  a  manufacturing  department’s  development  group, 
can  make  many  more  sound  suggestions  for  development 
work  than  can  a  sales  organization  which  does  not  have  a 
technical  background.  The  responsibility  which  the  labora¬ 
tory  must  assume  for  determining  the  direction  in  which 


its  company  moves  in  its  commercial  operations  thus  de¬ 
pends  to  some  extent  upon  the  degree  to  which  the  sales 
organization  can  offer  sound  advice  on  the  needs  of  the 
business. 

It  has  been  mentioned  that  development  programs  which 
follow  from  research  work  almost  always  receive  their  impe¬ 
tus  from  within  the  laboratory.  Very  seldom  can  any  group 
outside  the  laboratory  visualize  the  possible  end  results 
unless  they  are  more  or  less  directly  related  to  present  com¬ 
pany  operations.  Here  again,  the  number  of  such  programs 
depends  upon  whether  development  work  is  carried  on  out¬ 
side  the  laboratory,  since  work  of  this  sort  may  be  turned 
over  to  the  development  sections  of  manufacturing  depart¬ 
ments  at  a  relatively  early  stage.  In  this  case,  the  laboratory 
has  more  time  to  spend  on  problems  of  its  own  choosing. 

Most  industrial  research  laboratories  do  a  certain  amount 


216 


Industrial  Scientific  Research 

of  technical-service  work,  which  usually  consists  in  obtain¬ 
ing  information  to  answer  specific  questions  for  the  sales  or 
manufacturing  departments  or  in  providing  technical  data 
which  the  manufacturing  departments  need  in  connection 
with  their  operations.  This  type  of  service  work  almost 
always  originates  outside  the  laboratory,  and  its  extent  de¬ 
pends  upon  the  facilities  which  the  other  company  depart¬ 
ments  have  for  obtaining  the  needed  information.  In  large 
industrial  concerns  there  are  generally  plant  laboratories  for 
this  kind  of  work,  and,  consequently,  very  little  of  it  is  re¬ 
ferred  to  the  research  laboratory.  In  smaller  companies, 
however,  such  service  may  represent  an  appreciable  fraction 
of  the  total  activities  of  the  laboratory. 

The  amount  of  service  undertaken  to  provide  information 
for  the  sales  department  varies  considerably  from  laboratory 
to  laboratory  and  depends,  among  other  things,  upon  the 
technical  background  in  the  sales  department  itself.  Even 
in  very  large  companies,  the  sales  department  frequently 
relies  upon  the  research  laboratory  for  technical  advice  and 
assistance.  On  the  other  hand,  in  some  small  companies,  the 
sales  department  may  have  one  or  more  technical  persons 
who  can  handle  many  of  the  matters  which  might  be  re¬ 
ferred  to  the  laboratory. 

Perhaps  the  most  important  factor  in  determining  how 
and  to  what  extent  problems  are  referred  to  the  research 
laboratory  from  other  company  departments  is  the  position 
of  the  director  in  the  company  and  the  degree  to  which  he 
keeps  in  contact  with  the  other  departments,  either  formally 
or  informally.  Generally,  when  a  laboratory  director  occu¬ 
pies  a  high  position  in  company  management  and  takes  an 
active  part  in  determining  over-all  company  policy  and  oper¬ 
ations,  there  is  little  need  for  a  formal  system  by  which  prob¬ 
lems  are  referred  to  the  laboratory  from  the  other  depart¬ 
ments.  If  the  laboratory  is  effective,  and  if  the  director  has 
the  confidence  of  the  company  management,  he  will  usually 
be  able  to  anticipate  to  a  considerable  extent  the  research 
needs  of  the  other  company  departments.  Although  he  cam 
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not  be  fully  aware  of  all  such  needs,  requests  for  laboratory 
assistance  can  almost  always  be  made  informally  through 
direct  personal  contact  between  the  heads  of  the  operating 
departments  and  himself.  How  the  director  decides  whether 
or  not  the  laboratory  will  undertake  to  do  work  suggested 
by  other  departments  requires  separate  consideration,  but 
this,  too,  depends  upon  his  status  in  the  company  organi¬ 
zation. 

In  some  companies,  particularly  in  the  early  period  of  the 
research  laboratory’s  existence,  the  operating  departments 
may  not  have  much  sympathy  for  the  laboratory  and  for  its 
objectives.  The  operating  departments  are  accustomed  to 
handling  their  own  technical  problems  and  are  reluctant  to 
give  up  any  of  their  responsibilities,  even  though  this  atti¬ 
tude  is  shortsighted.  The  laboratory  has  little  recourse  but 
to  decide  for  itself  the  most  important  problems  which  it 
can  undertake,  and  it  must,  in  spite  of  opposition  or  indif¬ 
ference  on  the  part  of  operating  departments,  undertake  and 
carry  through  programs  with  little  or  no  guidance  from  out¬ 
side.  It  is  only  when  such  a  laboratory  has  established  itself 
by  making  significant  contributions  which  are  appreciated 
by  the  operating  departments  that  it  will  be  called  upon  for 
help.  When  this  position  is  reached,  there  is  danger  that 
the  laboratory  will  be  swamped  with  requests  for  technical 
assistance;  they  can,  if  not  controlled,  occupy  the  whole 
time  of  the  laboratory  at  the  expense  of  the  research  and 
development  programs,  which  by  their  nature  must  be  ini¬ 
tiated  in  the  laboratory. 

In  view  of  all  the  factors  which  have  been  enumerated, 
only  the  principles  which  control  the  choice  of  the  work  of 
the  laboratory  can  be  stated.  Recommendations  as  to  proce¬ 
dures  have  been  made  by  members  of  individual  research 
laboratories,  but  the  systems  which  they  advise,  although 
satisfactory  for  their  own  use,  probably  do  not  apply  equally 
to  other  laboratories.  Something  can  be  said,  however,  about 

the  actual  practices  of  industrial  laboratories  in  the  United 
States. 
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The  diiectors  of  a  number  of  well-known  laboratories 
stated  unanimously  that  their  company  managements  did 
not  directly  dictate  the  choice  of  research  and  development 
pi og tarns  or  projects.  Although  their  laboratories  carried  on 
van  ing  amounts  ot  development  and  technical-service  work 
for  the  manufacturing  departments,  the  final  decision  as  to 
whether  this  work  would  be  done  usually  rested  with  the 
research  director.  In  some  cases,  the  laboratory  provided 
service  for  the  manufacturing  departments,  which  was  paid 
for  directly  by  them;  in  these  cases,  however,  the  research 
laboratory  made  the  final  decision  as  to  whether  it  would 
undertake  the  work.  All  of  the  laboratories  to  which  the 
above  remarks  apply  had  established  their  position  within 
their  companies  by  satisfactory  performance  over  a  period 
of  years,  and  it  may  be  argued  that  their  semiautonomy  was 
due  only  to  successful  operation.  Some  of  the  directors  ex¬ 
pressed  the  definite  opinion  that,  should  the  laboratory  fail 
in  the  eyes  of  the  company  management,  attempts  would 
probably  be  made  by  management  to  exercise  more  definite 
control  over  its  work. 

C.  G.  Harrel  has  obtained  information  about  methods  used 
for  choosing  and  evaluating  projects  for  laboratory  investiga¬ 
tion  ;  these  results  were  derived  from  a  questionnaire  which 
he  circulated  to  directors  of  industrial  research  laboratories 
and  are  summarized  in  a  pamphlet  entitled  “Selecting  Proj¬ 
ects  for  Research.”  1  Harrel  uses  the  term  “research”  very 
broadly,  and  because  he  makes  no  differentiation  between 
research,  development,  and  service  work  or  between  long- 
and  short-range  programs,  a  detailed  analysis  of  the  infor¬ 
mation  cannot  be  made.  The  results  of  the  survey  have  gen¬ 
eral  interest,  however,  and  Harrel  discusses  some  of  the  fac¬ 
tors  that  must  be  considered  in  setting  up  any  system  for 
selecting  a  program  for  a  laboratory.  The  survey  covered  121 
research  laboratories  with  17,000  technically  trained  per- 

1  Harrel  C  G  director  of  research,  Pillsbury  Mills,  Inc.,  Selecting 
Projects  for  Research/’  issued  by  Pillsbury  Mills,  Inc.,  Minneapolis,  Oct. 

16,  1946. 
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sons  in  22  industries  and  organizations.  The  personnel  em¬ 
ployed  in  the  laboratories  questioned  ranged  from  5  to  ap¬ 
proximately  3,000.  Some  of  the  more  interesting  findings 
reported  are  as  follows:  A  majority,  63.4  per  cent,  of  the 
organizations  have  a  definite  plan  for  selecting  projects, 
although  very  few  of  these  always  adhere  to  their  plan. 
Average  figures  indicate  that  projects  chosen  for  the  labo¬ 
ratory  originate  as  follows: 

44.7  per  cent  from  the  research  laboratory 
15.9  per  cent  from  the  operating  departments 

15.8  per  cent  from  the  sales  department 
11.4  per  cent  from  the  executive  department 
12.2  per  cent  from  other  departments 


In  very  few  of  the  organizations  da  the  other  company 
departments  choose  research  and  development  projects  with¬ 
out  previously  conferring  with  the  research  laboratory.  On 
the  other  hand,  in  only  12  per  cent  of  the  laboratories  wrere 
projects  chosen  exclusively  by  the  research  personnel. 

The  following  conclusion  by  Harrel  is  of  interest:  Of  the 
laboratories  questioned,  36.6  per  cent  indicated  that  they 
had  no  specific  plan  for  selecting  research  and  development 
programs  and  problems,  and  these  seemed  to  fall  into  two 
groups.  In  the  first,  the  directors  of  the  laboratories  were  so 
successful  that  their  personal  influence  overshadowed  any 
plan  tor  choosing  the  laboratory’s  program.  In  the  second 
group  were  industries  of  the  chemical,  pharmaceutical,  and 
similar  types  whose  fields  of  research  and  development  activ¬ 
ities  were  extremely  broad. 


Recommendations  for  methods  of  choosing  development 
programs  can  be  made  in  only  a  general  way.  The  following 
observations,  however,  are  based  upon  many  years  of  suc¬ 
cessful  operation  by  the  directors  of  a  number  of  laboratories 
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It  is  firsl  necessary  to  decide  whether  research  problems 
wh.ch  have  originated  in  the  laboratory  should  be  carried 


220 


Industrial  Scientific  Research 


to  specific  commercial  application.  This  decision  is  usually 
made  in  consultation  with  the  operating  and  sales  depart¬ 
ments.  In  some  companies  there  is  a  committee,  usually 
called  the  “research  and  development  committee,”  composed 
of  the  vice-presidents  or  other  executives  in  charge  of  the 
manufacturing,  sales,  and  executive  departments.  This  com¬ 
mittee  makes  decisions- about  starting  or  continuing  develop¬ 
ment  projects  but  usually  makes  no  attempt  to  control  the 
course  of  the  work,  such  details  being  left  to  the  departments 


responsible  (Chap.  VIII,  page  1/2).  Committees  of  this  sort 
usually  decide  whether  there  is  a  market  for  a  new  develop¬ 
ment,  whether  the  new  production  or  operation  is  commer¬ 
cially  feasible,  and  whether  expenditures  to  bring  the  de¬ 
velopment  to  a  satisfactory  commercial  stage  are  justified 
in  comparison  with  expenditures  for  other  purposes. 

When  the  director  of  research  has  decided  to  undertake  a 
major  development  project  without  formal  approval  of  the 
management,  he  usually  receives  such  approval  informally 
before  proceeding.  This  is  not  always  the  case,  however,  and 
it  has  been  the  experience  of  a  surprisingly  large  percentage 
of  research  directors  that  they  have  had  to  assume  the  re¬ 
sponsibility  for  certain  investigations  without  the  approval 
of— or  indeed,  with  the  expressed  disapproval  of— some  ot 
the  other  company  executives.  If  the  research  director  is 
successful  in  pushing  to  satisfactory  commercial  conclusions 
programs  that  have  not  been  favorably  viewed  by  other 
executives,  he  usually  has  little  opposition  in  the  future 
regard  to  decisions  on  new  developments. 

After  a  period  of  successful  laboratory  operation,  some 
research  directors  find  themselves  considered  by  company 
management  to  be  excellent  judges  of  the  commercial  po 
sibilitfes  of  new  developments  from  both  the  sales  and  the 

manufacturing  standpoints,  so  that  ^ 

decide  on  their  own  initiative  the  course  of  the  developing 
1  •  itieir  laboratory  This  position  is  enjoyed  by  many 
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as  management  Realizes  more  and  more  that  the  research 
laboratory  is  the  most  important  single  factor  in  deter¬ 
mining  the  future  of  its  company. 

This  concern  on  the  part  of  management  about  the  selec¬ 
tion  of  the  laboratory’s  work  is  reflected  in  the  introduction 
and  growth  over  the  past  few  years  of  the  project  system  of 
laboratory  operation.  The  term  “project  system”  is  com¬ 
monly  applied  to  two  different  aspects  of  research  organiza¬ 
tion  and  direction.  The  project  system  of  research  direction 
is  described  in  Chap.  XII.  The  project  system  for  the  con¬ 
trol  of  the  laboratory  program  is  discussed  in  Chap.  XV,  but 
a  brief  account  is  pertinent  here  in  connection  with  the 
selection  of  the  laboratory  program. 

In  the  most  common  form  of  project  system  of  laboratory 
control,  the  laboratory  administration  endeavors  to  indicate 
to  management  on  what  specific  projects  the  laboratory  ex¬ 
pects  to  spend  its  time  and  allotted  funds.  Management 
reviews  the  proposed  program,  usually  in  the  form  of  an 
annual  budget,  and  either  approves  it  or  rejects  various 
parts.  The  use  of  this  system  implies  that  the  laboratory 
administration  is  able  to  predict  for  a  relatively  long  period 
of  time,  frequently  1  year,  what  the  program  will  be  in  more 
or  less  detail;  it  also  implies  that  company  management  is 
sufficiently  well  informed  about  the  laboratory  activities  to 
judge  the  potential  value  of  the  various  projects  proposed. 

In  most  companies  using  the  project  system,  it  appears 
that  management  seldom  exercises  control  over  laboratory 
activities  and  expenditures  by  this  means,  since  the  pro¬ 
posed  projects  are  either  sufficiently  broad  in  scope  to  per¬ 
mit  the  director  great  freedom  or  have  been  tacitly  approved 
previously.  A  laboratory  using  the  project  system  requires 
more  formal  approval  for  starting  a  project,  however,  than 
does  one  operating  on  a  departmental-budget  basis. 

The  director  may  not  wish  to  undertake  certain  extensive 
development  programs  referred  to  the  laboratory  because 
they  will  interfere  with  other  laboratory  work.  These  cases 
he  may  discuss  with  a  committee  of  the  type  described 
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above.  On  the  other  hand,  he  may  make  the  final  decision  on 
his  own  initiative;  if  this  decision  is  not  agreeable  to  the 
department  making  the  request,  the  matter  may  be  brought 
to  management  level,  where  it  can  be  settled. 

The  designations  “short-term”  and  “long-term”  problems 
or  programs  are  commonly  used  in  industrial  laboratories.  A 
long-term  problem  is  one  in  general  for  which  an  immediate 
solution  is  not  envisaged  and  which  it  is  expected  will  take 
an  extended  period  of  time,  up  to  years,  to  solve;  the  objec¬ 
tives  of  long-term  problems  are  often  not  very  specific, 
although  the  area  of  the  work  may  be  more  or  less  well 
defined.  Most  programs  of  fundamental  or  applied  research 
fall  in  the  long-term  category.  A  short-term  problem  is 
usually  one  having  a  quite  definite  objective,  which  it  is 
expected  can  be  reached  after  a  relatively  short  period  of 
investigation.  Such  problems  are  frequently  quite  specific 
and  usually  are  in  the  field  of  development  or  service  rather 
than  research. 

The  continued  success  of  an  industrial  laboratory  depends 
greatly  on  the  balance  between  its  long-term  and  its  short¬ 
term  problems.  The  long-term  problems  usually  originate 
within  the  laboratory  and  constitute  the  backlog  of  scien¬ 
tific  and  technological  experiments  which  safeguard  the 
company’s  future.  Many  of  the  shorter  problems  are  of  a 
service  nature  which  are  referred  to  the  laboratory  from 
outside. 

The  ratio  of  long-term  to  short-term  problems  varies  for 
different  laboratories.  The  laboratories  of  companies  with 
development  facilities  in  the  manufacturing  departments 
spend  a  good  share  of  their  time  on  long-range  research  and 
early  development  work  on  new  products  or  processes.  At 
the  other  extreme  are  the  newly  organized  laboratories  of 
small  concerns  which  must  do  a  considerable  amount  of 
service  work  and  which,  because  of  limitations  of  staff,  can¬ 
not  profitably  engage  in  long-term  research.  Exceptions 
may  be  found  in  new  laboratories  which  are  not  well  re¬ 
ceived  by  the  operating  departments  and  hence  must  select 
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their  programs  without  guidance.  Until  a  laboratory  has 
familiarized  itself  with  the  company’s  operations  and  has 
established  a  reputation  for  service,  it  may  be  forced  to 
confine  itself  principally  to  long-term  research  and  develop¬ 
ment  work. 

Various  systems  have  been  advocated  for  selecting  re¬ 
search  and  development  problems  within  the  laboratory. 
The  actual  practices  of  many  laboratories  are  found  to  be 
very  similar,  however,  differences  being  due  to  the  methods 
used  to  accommodate  to  a  generally  accepted  system  the 
personalities  and  capabilities  of  the  research  director  and 
his  staff.  This  matter  is  discussed  later  under  the  general 
subject  of  research  direction. 

The  process  of  selecting  research  laboratory  problems  and 
programs  implies  that  there  is  some  means  by  which  they 
can  be  evaluated.  Much  has  been  written  about  this  evalu¬ 
ation,  but  the  opinions  expressed  vary  widely.  An  excellent 
summary  of  this  subject,  entitled  “Evaluation  of  Research 
Projects,”  was  given  by  John  P.  Magos  at  a  seminar  on  the 
management  of  research  held  at  the  Illinois  Institute  of 
Technology  in  October,  1946.  This  summary  included  opin¬ 
ions  derived  from  a  poll  of  25  research  directors  representing 
a  number  of  different  industries.  Of  the  organizations  sur¬ 
veyed,  only  a  very  few  had  definite  systems  of  project  evalu¬ 
ation.  From  this  report  and  the  opinions  expressed  by  the 
directors  of  other  laboratories,  it  seems  that  no  generally 
accepted  method  has  yet  been  developed  for  evaluating 
laboratory  problems. 


It  is  really  not  possible  to  foresee  the  results  of  true  re¬ 
search  work.  The  best  a  research  director  can  do  is  to  decide 
whether  the  work  will  lead  to  results  of  general  interest  to 
his  company.  Thus  a  research  director  seldom  undertakes  or 
initiates  a  program  in  a  field  of  science  completely  foreign 
to  any  probable  interest  of  his  company,  e.g.,  astronomical 
research  in  a  biological  industry,  although  such  research 
might  profitably  be  carried  out  by  a  concern  manufacturing 
optical  instruments.  However,  with  the  present  diversifica- 


224 


Industrial  Scientific  Research 

tion  of  individual  industries  in  many  technological  direc¬ 
tions,  a  director  sometimes  finds  it  difficult  to  decide  just 
what  fields  of  science  are  not  of  importance  in  the  labora¬ 
tory’s  work. 

\\  ithin  a  field  of  science  which  is  obviously  of  interest  to 
the  laboratory  and  company,  the  choice  of  the  fundamental 
research  program  is  largly  a  matter  of  the  director’s  experi¬ 
ence  and  interest.  In  many  cases,  the  decision  is  based  pri¬ 
marily  upon  the  enthusiasm  shown  by  the  individuals  or 
groups  engaged  in  the  work.  The  importance  of  fundamental 
work  in  a  research  laboratory  is  well  recognized,  but  its 
extent  varies  from  laboratory  to  laboratory;  the  principal 
consideration,  therefore,  in  selecting  problems  of  this  type 
is  one  of  distributing  effort  within  given  fields  rather  than 
attempting  specifically  to  designate  particular  problems. 
The  final  conclusion  was  stated  by  one  research  director: 
“I  have  a  feeling  that  any  project  to  which  a  definite  for¬ 
mula  [for  evaluation]  can  be  applied  is  not  in  the  research 
category.” 

Most  publications  on  the  evaluation  of  research  actually 
refer  to  development  work.  The  probable  value  of  a  success¬ 
ful  result  should  be  considered  carefully  before  an  extensive 
development  program  is  undertaken.  In  some  laboratories, 
the  research  director,  more  or  less  independently  of  other 
company  departments  and  executives,  makes  such  decisions, 
whereas  in  others  quite  formal  procedures  have  been  estab¬ 
lished  for  obtaining  authorization  from  company  manage¬ 
ment.  The  system  used  depends  upon  many  of  the  factors 
already  discussed,  but,  in  general,  there  are  two  levels  at 
which  evaluation  is  made:  major  projects  are  considered  by 
the  management,  whereas  some  major  and  most  minor  proj¬ 
ects  are  decided  by  the  director. 

In  the  past  few  years  a  number  of  articles  have  been 
written  on  the  general  theme  that  management  should  par¬ 
ticipate  more  extensively  in  planning  the  company’s  re¬ 
search  and  development  programs,  and  some  authors  pro¬ 
vide  formulas  to  be  used  in  determining  whether  a  particular 
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project  should  be  undertaken.  A  number  of  factors  have  not 
been  adequately  considered  in  deriving  such  formulas. 

For  work  on  the  improvement  of  existing  products  and 
processes,  estimates  can  usually  be  made  of  the  probable 
savings  to  be  effected  or  the  profits  to  be  derived  if  the 
investigations  are  successful.  If  this  figure  can  be  coupled 
with  a  reasonable  guess  as  to  how  much  must  be  invested 
in  the  laboratory  work,  the  importance  of  the  particular 
problem  can  be  decided  on  a  dollars-and-cents  basis.  Such 
situations,  however,  are  not  typical,  and  the  research  direc¬ 
tor  who  is  able  to  predict  how  much  money  is  required  to 
complete  a  given  problem  successfully  is  unusually  talented. 

The  situation  is  even  more  uncertain  when  an  attempt  is 
made  to  estimate  the  returns  from  work  on  new  products  or 
processes  and  to  predict  the  cost  of  such  work.  It  is  practi¬ 
cally  impossible  to  estimate  the  market  for  a  product  which 
is  not  simply  a  replacement  for  or  an  improvement  of  an 
existing  material.  It  is  likewise  almost  impossible  to  pre¬ 
dict  the  effort  required  to  complete  a  technical  investigation 
in  an  unfamiliar  field.  The  faith  of  statisticians  and  plan- 
ning  groups  in  such  methods  is  usually  much  greater  than 
that  of  research  directors. 


A  number  of  research  directors  have  stated  that  they 
know  no  satisfactory  system  for  evaluating  development 
projects.  Some  have  devised  arbitrary  systems  for  estimat¬ 
ing  the  value  of  the  laboratory  work  in  dollars  and  cents  and 
have,  on  occasion,  used  such  figures  in  discussing  research 
laboratory  budgets  with  management.  These  directors  ac¬ 
knowledge  that  such  estimates  cannot  take  account  of  the 
many  intangible  benefits  of  the  laboratory  to  the  company 
(Chap.  VIII,  page  166). 

A  few  general  statements  can  be  made  about  the  evalua¬ 
tion  of  development  work.  In  the  opinions  expressed  by  a 
number  of  research  directors,  as  summarized  by  John  P 
i  lagos,  some  interesting  points  were  made 

2 ‘‘EvaluaUQn  °f  Rc^arch  Projects,”  seminar  in  Management  of  Re¬ 
search,  Illinois  Institute  of  Technology,  October,  1946. 
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There  is  danger  in  establishing  an  elaborate  account¬ 
ing  method  for  planning  work;  records  of  failure  are  ex¬ 
pressed  in  concrete  figures,  and  the  research  staff  tends  to 
become  overcautious  in  undertaking  radically  new  investi¬ 
gations.  Thus  excessive  screening  by  some  formal  means 
may  have  a  tendency  to  eliminate  all  but  the  mediocre  and 
relatively  sure  projects.  It  is  generally  agreed  that  a  suc¬ 
cessful  system  of  the  evaluation  of  problems  would  greatly 
simplify  assigning  priority  to  work  in  the  laboratory  and 
would  be  highly  desirable.  For  lack  of  such  a  system,  it  is 
concluded  that  the  judgment  of  one  individual  should  not 
be  accepted  in  determining  the  value  of  a  project,  although 
in  many  laboratories  the  research  director  may  be  in  dis¬ 
agreement  with  his  technical  staff  and  may  override  their 
conclusions. 

In  the  absence  of  a  generally  accepted  system,  the  com¬ 
promise  adopted  by  many  organizations  is  one  in  wThich  the 
director  makes  his  best  guess  as  to  the  cost  of  a  program  or 
project  and  the  operating  and  sales  departments  make  their 
guesses  as  to  the  probable  savings  in  cost  or  profits  to  be 
derived  if  the  investigation  is  successful.  From  these  two 
guesses,  a  decision  is  reached. 


Chapter  XII 


The  Direction  of  Research 


A  number  of  points  discussed  in  the  preceding  chapters, 
The  Director  and  Scientific  Staff  of  the  Laboratory 
and  The  Selection  of  the  Laboratory  Program,  are  part 
of  the  general  topic  of  research  direction.  The  present  chap¬ 
ter  considers  in  detail  the  principles  and  systems  used  by  a 
number  of  laboratory  directors  to  guide  the  work  carried  on 
within  their  laboratories.  Research  direction  passes  con¬ 
tinuously  from  one  stage  to  another,  and,  in  most  cases,  the 
direction  of  work  after  it  has  been  selected  and  assigned 
consists  in  simultaneously  guiding,  coordinating,  and  judg¬ 
ing  period-to-period  results.  The  purely  scientific  and  im¬ 
personal  evaluation  of  results  is  among  the  least  of  the  re¬ 
search  director’s  problems,  since  his  scientific  staff  are 


usually  better  qualified  than  he  is  to  consider  specific  data. 
But  there  are  important  and  less  definitely  formalized  re¬ 
sponsibilities  that  only  the  director  can  assume  and  that 
greatly  affect  the  quality  and  volume  of  work  done  by  the 
laboratory  staff;  they  depend  upon  the  personal  character¬ 
istics  of  the  director  and  his  ability  as  a  leader  to  inspire  his 

staff  and  give  them  confidence  in  his  scientific  integrity  and 
concern  for  their  welfare. 

A  distinction  must  be  made  between  research  direction 
and  laboratory  management.  The  director  is  responsible  for 
establishing,  implementing,  and  enforcing  the  policies  of 
the  laboratory  in  nontechnical  matters  such  as  finance  per¬ 
sonnel  relations,  supplies,  and  so  forth.  For  present’  pur¬ 
poses,  these  nontechnical  functions  of  laboratory  operation 
are  included  under  the  term  “laboratory  management  ”  and 
they  are  discussed  in  later  chapters.  This  chapter  deals  with 
policies  and  methods  directly  concerned  with  the  scientific 
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and  technological  aspects  of  the  research  and  development 
work. 

The  amount  of  time  that  the  director  spends  on  the  tech¬ 
nical  work  of  the  laboratory  depends  upon  how  active  he  is 
in  general  company  operation  and  policy  making  and  also 
upon  how  much  of  the  laboratory  administrative  work  he 
handles.  Most  directors  devote  at  least  75  per  cent  of  their 
time  to  the  laboratory,  and  in  the  larger  laboratories  most 
•  of  this  time  is  spent  on  technical  matters.  The  directors  of 
smaller  laboratories,  on  the  other  hand,  frequently  give  a 
good  deal  of  attention  to  laboratory-management  problems. 
The  general  practice  today  is  for  the  director  to  delegate  the 
nontechnical  responsibilities  as  soon  as  the  laboratory  has 
grown  to  a  stage  where  they  interfere  with  his  following  the 
scientific  work  effectively  and  where  the  size  of  the  staff  jus¬ 
tifies  the  appointment  of  a  full-time  administrative  execu¬ 
tive.  For  the  intermediate  stage  in  the  growth  of  a  labora¬ 
tory,  the  director  usually  distributes  some  of  the  administra¬ 
tive  work  among  his  scientific  staff  according  to  their  par¬ 


ticular  temperaments  and  abilities. 

Since  most  of  the  discussion  in  this  chapter  applies  equally 
to  research  and  development  work,  the  term  research 
direction”  is  used  generally.  However,  variations  in  prin¬ 
ciple  and  practice  due  to  the  fundamental  differences  be¬ 
tween  these  stages  of  commercial  application  are  pointed 

out. 

/it  is  obvious  that  the  objectives  of  the  laboratory  must 
be  kept  clearly  in  mind  in  establishing  any  system  for  re¬ 
search  direction.  The  basic  problems  are  to  select,  assign, 
coordinate,  guide,  report,  and,  finally,  bring  to  commercial 
I  application  the  work  of  the  laboratory  The  most  important 
aim  is  that  of  ultimately  making  commercial  use  of  the  in¬ 
formation  accumulated  in  the  laboratory,  whether  it  be  o 
indirect  value,  as  in  the  case  of  fundamental  research,  or 
direct  value,  as  in  the  case  of  development  work 

The  relative  importance  of  research  and  of  development 
work  in  different  laboratories  depends  upon  the  division 
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responsibility  for  the  over-all  technical  program  among  the 
company  departments.  It  is  pointed  out  in  Chap.  XI  that 
in  some  large  companies  a  considerable  amount  of  develop¬ 
ment  work  is  carried  out  in  the  manufacturing  depart¬ 
ments;  in  such  cases,  the  research  laboratory  usually  de¬ 
votes  more  of  its  attention  to  fundamental  and  applied  re¬ 
search  work  and  less  to  the  later  stages  of  technical  applica¬ 
tion.  In  some  companies,  the  sales  department  handles 
service  matters  calling  for  technical  knowledge,  whereas  in 
other  concerns  such  problems  are  referred  to  the  research 
laboratory.  These  examples  indicate  that  the  objectives  of 
the  research  laboratory  cannot  be  considered  independ¬ 
ently  of  the  structure  and  organization  of  the  parent  com¬ 


pany. 

Irrespective  of  the  specific  effects  of  company  organiza¬ 
tion,  one  of  the  principal  factors  in  establishing  an  efficient 
system  of  research  direction  is  the  size  of  the  laboratory. 
The  problems  of  direction  and  management  of  a  small 
laboratory  are  less  complex  than  those  of  a  large  laboratory, 
although  they  may  be  equally  important.  Because  most 
laboratories  grow,  it  is  very  important  to  adopt  a  system 
of  direction  which  will  require  a  minimum  of  organizational 
and  personnel  changes  with  expansion.  In  most  cases,  the 
principles  of  direction  of  a  smaller  laboratory  are  relatively 
simple  applications  of  those  followed  by  large  organizations. 
For  this  reason,  the  more  complex  problems  of  research 
direction  in  a  large  laboratory  are  considered  first. 

The  system  of  research  direction  adopted  by  the  director 
depends  upon  the  laboratory  organization,  and  the  latter 
ultimately  upon  the  duties  which  he  assigns,  either  explicitly 
or  implicitly,  to  the  heads  of  the  technical  departments  or 
sections  Among  the  major  considerations  are  the  amount  of 
administrative  responsibility  which  the  department  and  sec- 
tion  heads  must  assume,  the  sizes  of  the  technical  groups 
and  the  nature  of  the  work  carried  on  in  these  groups  ie’ 
w  ether  research  or  development.  In  the  final  analysis’  the 
particular  division  between  administrative  and  technical 
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duties  is  determined  by  the  way  the  director  operates  the 
laboratory.  One  extreme  is  the  strictly  line  organization  and 
the  other  that  in  which  the  department  heads  constitute  a 
sort  of  executive  committee,  which  in  concert  with  the  direc¬ 
tor  decides  technical  and  administrative  policies  and  prac¬ 
tices.  In  the  following  discussion  of  specific  phases  of  research 
direction,  reference  is  made  to  procedures  and  policies  ap¬ 
plicable  to  these  two  extremes,  and  it  must  be  recognized 
that  there  are  many  variations  in  practice  that  represent 
combinations  and  compromises  between  them. 

The  direct  objectives  of  an  industrial  research  laboratory 
are  classified  on  page  44  as  fundamental  research,  research 
and  development  on  new  products  and  processes,  and  the 
improvement  of  existing  products  and  processes.  It  is 
pointed  out  that  for  a  number  of  large  research  laboratories 
approximately  10  to  20  per  cent  of  the  scientific  work  is  de¬ 
voted  to  fundamental  research,  between  40  and  60  per  cent 
to  the  development  of  new  products  and  processes,  and  be¬ 
tween  30  and  40  per  cent  to  development  work  on  existing 
products  and  processes/  It  is  further  stated  that,  where 
development  work  is  carried  out  in  manufacturing  depart¬ 
ments,  the  research  laboratory  may  spend  as  much  as  50 
per  cent  of  its  time  on  fundamental  or  applied  research 
and  as  little  as  10  per  cent  on  development  work  connected 
with  existing  products  and  processes. 

The  meaning  of  fundamental  research  is  more  restricted 
as  used  here  than  that  commonly  implied  by  the  term  in  re¬ 
lation  to  industrial  research.  Most  industrial  laboratories 
include  in  the  general  term  “research”  both  fundamental 
work  and  applied  research,  the  latter  being  exploratory 
work  in  a  given  field  of  science  or  technology  that  is  directed 
toward  some  ultimate  industrial  application  rather  than 
toward  the  advance  of  general  knowledge.  A  number  of 
large  laboratories  report  that  they  spend  between  30  and  50 
per  cent  of  their  total  effort  on  this  applied  research,  but  it 
is  difficult  to  draw  any  line  between  applied  research  an 
development  work.  Consequently,  it  seems  desirable  in  giv- 
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ing  figures  to  separate  out  fundamental  research  and  to  con¬ 
sider  applied  research  as  development. 

The  figures  given  above  for  the  approximate  distribution 
of  the  different  activities  referred  to  have  been  established 
through  empirical  trial  and  are  considered  by  the  directors 
of  a  number  of  laboratories  to  be  satisfactory  for  a  well- 
rounded  over-all  program.  However,  some  directors  said  that 
their  laboratories  do  not  give  as  much  as  10  or  20  per  cent 
of  their  total  time  to  fundamental  research  and  that  an 
effort  should  and  would  be  made  to  increase  this  type  of  ac¬ 
tivity  because  of  its  importance. 

The  amount  of  fundamental  research  which  should  be 
done  by  a  laboratory  depends  upon  the  backlog  of  informa¬ 
tion  available  in  the  scientific  literature  which  can  be  ap¬ 
plied  to  specific  development  problems.  For  example,  in  the 
photographic  and  glass  industries  very  little  such  informa¬ 
tion  has  been  published  by  universities  or  research  institutes, 
and  industrial  laboratories  must  accumulate  this  knowl¬ 
edge.  On  the  other  hand,  laboratories  of  pharmaceutical 


concerns  can  rely  to  a  greater  extent  upon  the  basic  research 
work  carried  on  in  universities  and  research  institutes  such 
as  the  Rockefeller  Institute.  Whatever  the  specific  factors 
which  must  be  considered,  it  is  the  research  director’s  re¬ 
sponsibility  to  determine  the  amount  of  fundamental  re¬ 
seat  ch  to  be  done  in  the  laboratory. 

The  distribution  among  different  types  of  development 
work  depends  upon  company  policy  and  company  organiza¬ 
tion  and  important  factors  in  this  are  discussed  in  Chap 
XI.  In  general,  after  a  few  years,  the  desired  ratio  for  any 
given  laboratory  is  derived  from  considerations  of  both  labo¬ 
ratory  and  management  policies  and  practices;  probably 

the  most  important  single  factor  is  the  ability  and  technical 
aggressiveness  of  the  research  director.  ^cnmcai 

In  each  of  the  three  classes  of  research  and  development 
objectives,  there  are  problems  and  programs  which  may  be 
termed  long-range  and  short-range,  and  in  the  „sful 
operation  of  a  laboratory  it  is  essential  that  the  proper  bal- 
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ance  be  found  between  them  (Chap.  XI,  page  222).  The 
long-range  programs  are  effective  in  relation  to  the  future 
of  the  company,  and  the  short-range  problems  may  be  con¬ 
sidered  to  pay  the  laboratory’s  cost  by  helping  the  operating 
and  sales  departments.  Generally,  fundamental  research 
problems  are  long-range,  service  problems  short-range,  and 
development  work  either  long-  or  short-range.  A  satisfac¬ 
tory  balance  between  the  short-range  and  long-range  prob¬ 
lems  is  established  for  any  successful  laboratory  on  the  basis 
of  company  and  laboratory  needs  and  objectives. 

;  All  research  laboratories  perform  service  work  for  the 
operating  departments  and  for  the  sections  within  the  labo¬ 
ratory  which  are  doing  research  or  development  work.  The 
percentage  of  the  total  scientific  staff  engaged  in  providing 
service  such  as  analytical  work  and  physical  testing  varies 
//  between  10  and  50  per  cent/ The  laboratories  showing  the 
highest  percentage  of  servide  and  testing  work  are  those  in 
which  there  are  extensive  programs  of  a  chemical  and  me¬ 
chanical  engineering  nature  and  in  which  relatively  large 
quantities  of  raw  materials  are  handled.  Because  of  the  dif¬ 
ferent  practices  among  laboratories,  it  is  not  possible  to 
generalize  to  a  greater  extent.  The  figures  indicate,  never¬ 
theless,  that  a  considerable  fraction  of  a  laboratory  staff  is 
engaged  in  work  which  calls  for  little  or  no  technical  guid- 
II  ance  from  the  research  director /The  director  should  provide 
an  organization  and  system  which  will  enable  the  service 
groups  to  assist  the  other  sections  of  the  laboratory  and  the 
u  plant  departments  with  a  minimum  of  delay/ 

When  the  research  director  has  settled  upon  the  over-all 
distribution  of  work  for  his  laboratory,  it  is  his  responsibility 
to  select  or  approve  the  individual  problems  or  programs 
and  to  place  them  in  their  proper  order  of  importance. 
Problems  undertaken  at  the  request  or  suggestion  of  de¬ 
partments  outside  the  laboratory  must  be  fitted  into  the 
laboratory  program,  but  at  least  half  of  the  work  originates 
within  the  laboratory,  and  for  the  larger  laboratories  in 
the  United  States  the  proportion  is  much  larger.  A\  hen  ques- 
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tioned  as  to  the  source  of  work  originating  in  the  laboratory, 
a  number  of  directors  stated  unanimously  that  the  scientific 
problems  and  programs  were  presented  by  all  levels;  i.e., 
individual  scientists,  section  heads,  department  heads,  and 
the  director  contributed  ideas  and  suggestions/ 

A  distinction  must  be  drawn  between  research  and  de¬ 
velopment  problems.  In  almost  all  cases,  research  problems 
originate  with  the  individual  scientists.  No  research  director 
or  technical  supervisor  can  actually  direct  true  scientific 
research,  although  he  may  indicate  broad  fields  of  explora¬ 
tion  and  at  times  make  valuable  suggestions  about  specific 
phases  of  the  work.  It  has  been  said  that  the  research  di¬ 
rector  does  not  direct  research;  he  protects  the  scientists 
from  those  who  wish  to  direct  them. 

^It  is  the  general  experience  of  those  laboratories  in  which 
fundamental  research  is  carried  out  that  the  individual 
scientist  almost  always  decides  what  specific  problems  he 
will  undertake.  A  corollary  to  this  is  that,  if  the  scientist  is 


not  capable  of  deciding  for  himself  what  he  should  do,  the 
director  will  see  that  he  is  given  wTork  which  is  supervised 
more  closely/ 

Certain  generalizations  which  are  valid  for  the  conduct 
of  development  work  are  not  applicable  to  research  work. 


d  he  function  of  a  department  head,  section  head,  or  group 
head  is  to  diiect  the  work  of  the  technical  staff  toward  the 
important  problems,  to  ensure  and  assist  cooperation  be¬ 
tween  the  individual  research  units,  to  provide  the  neces¬ 
sary  working  conditions  and  environment,  and  to  see  that 
results  obtained  are  applied  in  practice.  This  cannot  be 
done  by  a  man  who  is  interested  in  doing  his  own  scientific 
work,  since  he  inevitably  devotes  himself  to  research  on  cer¬ 
tain  problems,  using  some  members  of  the  department  as 
assistants  and  leaving  the  rest  of  the  department  without 
control.  A  scientist,  interested  in  doing  his  own  research 
shou  d  not  be  placed  in  charge  of  a  large  group  of  men  but 
should  be  the  head  of  a  relatively  small  unit  of  workers  with 
most  of  his  staff  acting  not  as  independent  scientists  but  It 
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technical  assistants  of  varying  degrees  of  skill  and  knowl¬ 
edge.  He  can  then  be  of  the  greatest  value  in  producing 
advances  in  scientific  knowledge. 

A  department  head  who  is  responsible  for  an  over-all 
research  and  development  program  should  recognize  the 
value  of  fundamental  research  along  lines  related  to  the 
major  development  objectives.  He  may,  without  indicating 
precisely  what  should  be  done,  arrange  for  one  or  more 
scientists  to  investigate  the  fundamental  principles  of  that 
particular  field. 

Development  problems  and  programs  can  be  suggested 
by  the  individual  scientist  as  well  as  by  the  director,  who  is 
primarily  concerned  with  the  laboratory  program  in  its 
broadest  features.  Usually,  the  early  development  work  on 
new  products  and  processes  arises  from  and  is  a  continuation 
of  the  fundamental  or  applied  research  work  of  an  indi¬ 
vidual  or  small  group  of  individuals,  and  the  originator  of 
the  development  work  is  the  individual  or  group  who  has 
done  the  research  work. 

The  research  director  and  members  of  his  senior  staff  must 
assume  the  responsibility  for  visualizing  the  applications  of 
research  work  Suggestions  as  to  the  extension  of  research 
into  developmeent  may  originate  with  the  scientists  them¬ 
selves,  with  their  supervisors,  or  with  the  research  director, 
but  a  laboratory  man  may  not  see  the  possibility  of  com¬ 
mercial  application  of  this  work  because  of  his  specialized 
interest  in  research  or  because  of  his  ignorance  of  the  com¬ 
mercial  interests  or  operations  of  the  company.  The  respon¬ 
sibility  of  the  director  is  very  broad,  and  he  must  by  reason 
of  his  knowledge  of  over-all  policy,  and  particularly  of 
changes  in  policy  occasioned  by  changing  industrial  con¬ 
ditions,  initiate  development  work  along  new  lines. 

/The  initiative  shown  by  the  laboratory  staff  members  in 
proposing  and  undertaking  new  work  naturally  depends 
upon  the  amount  of  freedom  which  they  are  given  to  follow 
up  their  ideas/  If  the  work  of  the  scientists  is  rigidly  re¬ 
stricted  as  to  problems  and  methods  of  attack,  their  produc- 
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tiveness  in  new  ideas  will  necessarily  be  low.  Indeed,  such  a 
system  cannot  be  successful  for  producing  results  in  research, 
although  it  can  lead  to  the  rapid  solution  of  specific  develop¬ 
ment  problems. 

One  purpose  of  a  research  laboratory  is  to  ensure  the  sup¬ 
ply  of  new  products  for  its  company.  Occasionally  the  man¬ 
agement  of  the  company  becomes  anxious  about  the  supply 
of  new  products  and  asks  the  laboratory  to  plan  long-term 
projects  intended  to  result  in  the  development  of  new  prod¬ 
ucts  in  the  future.  When  such  a  concern  develops,  it  is  a 
clear  indication  that  the  laboratory  is  inefficient.  In  a  labo¬ 
ratory  operating  efficiently,  there  is  automatically  an  ample 
supply  of  ideas  arising  in  the  operation  of  the  laboratory, 
and  a  director  should  no  more  be  concerned  as  to  the  supply 
of  new  products  than  a  well  man  should  be  concerned  about 
the  state  of  his  heart.  Any  attention  to  the  matter  is  an  in¬ 
dication  that  something  is  wrong. /New  products  are  not 
found  by  attention  to  them  on  the  part  of  the  management 
of  the  laboratory  They  arise  spontaneously  from  the  mass 
of  ideas  and  suggestions  coming  from  the  research  workers 
themselves,  and  the  laboratory  direction  must  encourage 
initial  work  on  these  ideas  and  then  select  from  them  those 
which  are  worth  larger  scale  development.  If  there  is  a  lack 
of  ideas  in  a  laboratory,  it  is  generally  to  be  traced  to  a  lack 
of  encouragement  of  this  development  of  ideas  by  the  scien¬ 
tific  workers  themselves.  This  condition  may  occur  in  de¬ 
partments  run  by  a  dominating  personality  who  discourages 
the  ideas  of  others  even  though  he  may  do  so  unconsciously/ 
Healthy  laboratories  have  more  ideas  than  the  company  can 

possibly  develop.  The  problem  is  one  of  selection  and  not 
of  origination. 

The  freedom  given  scientists  to  undertake  exploratory 

ZkT  °Wn  lnitia*ive  Vari6S  amon«  Cerent  labora¬ 
tory.  It  is  usually  a  reflection  of  the  relative  amounts  of 

esearch  and  development  work  done  by  the  laboratory  In 

those  laboratories  in  which  fundamental  research  is  carried 

and  m  which  much  development  work  is  done  in  the 


236  Industrial  Scientific  Research 

manufacturing  departments,  the  individual  usually  has 
greater  scientific  freedom  than  in  laboratories  where  the 
major  effort  is  on  development  problems  with  specific  ob¬ 
jectives. 

A  question  put  to  the  directors  of  a  number  of  labora¬ 
tories  was: 

How  free  is  the  individual  worker  to  propose  and  carry 
out  research  on  his  own  initiative  ( presumably  under  the 
general  supervision  of  a  group  leader  or  department  head )  f 

1.  The  freedom  of  the  individual  worker  to  propose  and  carry 
out  research  work  on  his  own  initiative  varies  considerably.  It 
depends  upon  the  ability  of  the  individual  and  also  upon  the 
temperament  and  ability  of  the  department  head.  In  some  depart¬ 
ments,  the  workers  are  to  a  considerable  extent  highly  trained 
technicians  who  are  not  allowed  much  freedom  of  choice  in  their 
work.  In  other  departments,  there  is  considerably  more  latitude. 
Such  variations  in  methods  of  operation  should  be  kept  in  mind 
when  assigning  men  to  the  various  departments. 

2.  The  freedom  to  propose  and  carry  out  research  work  on  his 
own  initiative  depends  upon  the  individual.  Senior  men  can  spend 
up  to  20  per  cent  of  their  time  on  their  own  problems. 

3.  The  individual  worker  is  given  full  opportunity  to  spend  10 
per  cent  of  his  time  as  he  pleases. 

4.  The  individual  is  encouraged  to  propose  and  carry  out  re¬ 
search  on  his  own  initiative,  usually  after  consultation  with  the 
group  leader  or  director. 

5.  The  freedom  of  the  individual  depends  upon  his  judgment. 
It  is  desirable  to  give  a  good  deal  of  freedom  to  the  men.  This 
freedom  depends  upon  the  division  head.  The  division  heads  are 
urged  to  let  their  men  use  as  much  initiative  as  possible. 

6.  The  individual  is  free  to  propose  and  carry  out  research  on 
his  own  initiative  within  the  limitations  of  the  problem  assigned. 
To  work  on  problems  not  assigned,  he  must  secure  the  permission 

of  the  department  head. 

7.  The  individual  is  allowed  to  propose  and  carry  out  researc 
on  his  own  initiative  for  10  per  cent  of  his  time. 
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From  the  above  answers,  it  is  apparent  that  each  research 
director  must  determine  for  himself  the  best  way  in  which 
he  can  encourage  and  adopt  new  ideas,  taking  into  account 
the  training,  capability,  and  temperament  of  both  the  indi¬ 
vidual  workers  and  the  senior  scientific  staff.  In  some  labo¬ 
ratories,  it  will  be  noted  that  scientists  are  allowed  to  spend 
between  10  and  20  per  cent  of  their  time  on  problems  of 
their  own  choosing.  It  is  difficult  to  see  how  this  distribu¬ 
tion  can  be  controlled.  Research  work,  and  usually  most  de¬ 
velopment,  cannot  be  scheduled,  since  the  scientist  sets  his 
own  pace  according  to  his  enthusiasm  and  interest  at  the 
moment.  Perhaps  some  types  of  development  work  can 
be  scheduled  closely,  but  even  this  is  questionable.  In  actual 
practice,  the  individual  can  be  assigned  a  problem  or  prob¬ 
lems  on  which  he  is  expected  to  report  regularly  and  is  al¬ 
lowed  to  spend  the  remainder  of  his  time  on  work  of  his 
own  choosing  as  long  as  it  is  in  the  field  of  the  laboratory’s 
interests. 


As  ideas  and  suggestions  for  research  and  development 
programs  are  proposed  by  the  laboratory  staff,  decisions 
must  be  made  as  to  whether  they  justify  active  investigation 
based  largely  upon  the  scope  of  the  projected  work  and  its 
relationship  to  current  experimental  programs. 

The  time  at  which  an  idea  is  evaluated  varies  according 
to  its  source.  For  example,  when  the  research  director  as¬ 
signs  a  problem  to  his  staff,  he  has  already  considered  the 
matter  individually  or  in  consultation  with  others.  On  the 
other  hand,  a  laboratory  scientist  may  make  exploratory  ex¬ 
periments  on  his  own  initiative  before  asking  for  a  decision 
about  expanding  his  work  or  starting  in  a  new  direction.  The 
intermediate  case  is  that  in  which  the  department  heads 
section  heads,  and  group  leaders  have  ideas  and  suggestions-’ 
genera  ly,  their  authority  to  initiate  or  approve  new  work 

labor. - 

r r* 

present  the  answers  that  their 
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directors  gave  to  the  following  questions.  (The  summaries 
given  below  apply  to  problems  originating  within  the  labo¬ 
ratory.) 


Upon  whose  decision  or  recommendations  are  problems  or 
programs  of  work  undertaken?  How  are  problems  and  pro¬ 
grams  evaluated  before  work  is  commenced ? 


ii 


M 


1.  Almost  never  is  there  any  effort  to  evaluate  a  basic  research 
problem  or  program,  the  evaluation  being  made  by  the  individual. 
However,  if  the  work  appears  too  remote  from  laboratory  inter¬ 
est,  he  may  be  asked  to  discontinue  it. 

There  is  no  formal  system  of  evaluating  a  development  pro¬ 
gram.  Frequently,  an  excursion  is  made  as  a  result  of  research 
work,  and  if  it  looks  promising,  the  program  is  extended.  When  a 
development  program  has  reached  a  point  requiring  much  fur¬ 
ther  work,  the  decision  concerning  its  continuation  is  made  by 
the  department  head  and,  ultimately,  the  director/ The  decision 
as  to  the  concentration  of  effort  on  development  programs  is 
largely  made  by  the  director  in  consultation  with  the  technical 
men  involved  in  the  program. 

2.  New  and  important  problems  or  programs  are  evaluated  by 
discussion  between  the  director,  assistant  director,  and  qualified 
technical  personnel.  Work  which  is  only  part  of  a  program  or  a 
minor  departure  from  it  is  discussed  by  the  research  worker  with 
his  group  leader  or  department  head;  for  work  falling  within  a 
program,  the  individuals  or  group  leaders  decide  the  course  of  the 
investigation.  Broad  suggestions  about  work  may  emanate  from 
the  director  and  are  then  broken  down  to  more  specific  problems 
and  passed  on  to  the  departments.  Often,  suggestions  are  made  by 
individuals  along  lines  which  are  so  close  to  work  being  done  that 


special  authorization  is  not  needed. 

In  general,  efforts  are  made  to  exercise  a  minimum  of  interfer¬ 


ence  with  the  men  and  their  work. 

3.  Problems  and  programs  are  evaluated  at  all  levels.  Author¬ 
ity  for  decisions  depends  upon  the  scope  of  the  work.  Work  which 
is  an  integral  part  of  a  program  already  under  way  may  be  under¬ 
taken  on  the  responsibility  of  the  group  leaders  or  section  heads. 
As  the  scope  of  the  proposed  work  increases,  the  responsibility  for 
its  initiation  passes  progressively  higher  up  in  the  organization. 
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The  director,  for  the  most  part,  makes  the  major  decisions. 
Authorization  for  work  and  the  emphasis  placed  on  woik  under 
way  follows  approximately  the  same  pattern.  Major  changes  in 
program  involving  expenditures  well  above  those  budgeted  must 
be  authorized  by  the  director. 

4.  Problems  or  programs  of  work  are  undertaken  upon  the 
decision  of  the  director,  who  authorizes  or  suggests  new  problems 
and  projects.  Within  the  project,  the  group  heads  may  determine 
the  direction  of  the  work  and  make  final  decisions  regarding  its 
course. 

5.  It  is  the  policy  of  the  laboratory  to  give  each  scientific  man 
as  much  authority  as  his  initiative  and  judgment  warrant.  This 
policy  applies  to  the  initiation  of  work.  The  decisions  and  recom¬ 
mendations  for  undertaking  new  work  are  made  at  all  levels,  the 
particular  level  depending  upon  its  scope.  A  division  head  usually 
runs  his  division  according  to  his  own  judgment,  and  he  can  start 
work  of  major  importance  on  his  own  initiative,  but  he  usually 
consults  the  director  in  such  cases.  Much  of  the  responsibility  for 
undertaking  new  work  is  assumed  by  the  division  heads. 

There  is  no  formal  method  for  evaluating  problems  and  pro¬ 
grams  before  work  is  undertaken. 

6.  Work  on  minor  problems  is  commenced  on  the  authorization 
of  the  department  heads.  In  general,  the  initiation  of  new  work  is 
authorized  by  the  director.  Major  changes  in  type  of  work  or  type 
of  program  are  brought  to  the  attention  of  laboratory  man¬ 
agement. 

7.  Research  problems  involving  minor  expenditures  are  author¬ 
ized  by  the  section  heads.  Research  problems  involving  major 
changes  are  authorized  by  the  department  heads.  Development 
problems  involving  minor  expenditures  are  authorized  by  the 
department  heads,  and  development  problems  involving  major 
expenditures  are  authorized  by  the  director.  Problems  or  pro¬ 
grams  of  major  importance  are  usually  evaluated  by  discussion 
between  the  investigators,  section  heads,  department  heads  and 
the  director. 

In  a  consideration  of  the  extension  or  continuation  of 
research  and  development  work,  the  principles  outlined  for 
new  work  generally  apply.  The  point  at  which  a  program  is 
reviewed  is  determined  frequently  by  an  individual  or  group 
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needing  assistance  in  the  form  of  additional  man  power  or 
equipment  oi  cooperation  from  other  groups  within  the 
laboratory.  Work  is  also  reviewed  when  the  individual 
worker  and  his  supervisor  feel  that  it  is  desirable. 

Usually  the  director  or  department  heads  are  called  upon 
to  reevaluate  a  program  when  the  pressure  to  undertake  new 
work  or  to  extend  or  intensify  current  work  forces  a  decision 
as  to  what  shall  be  curtailed.  Because  no  laboratory  can 
investigate  all  new  ideas,  there  must  be  a  continual  process 
of  placing  emphasis.  This  is  accomplished  in  the  broadest 
aspects  by  the  director  and  progressively  in  more  detail  by 
the  department  heads,  section  heads,  and  group  leaders. 

As  pointed  out  earlier,  the  above  statement  applies  only 
to  development  work,  since  research  problems  can  be  evalu¬ 
ated  only  by  the  individual  worker  or  group  leaders  supervis¬ 
ing  a  very  small  number  of  men.  The  director  or  department 
head  can  decide  only  that  certain  phases  of  the  work  in  a 
given  field  of  research  should  be  discontinued  or  expanded, 
the  details  being  left  to  the  individual  scientists. 

Decisions  about  discontinuing  work  are  made  on  essentially 
the  basis  used  for  new  investigations;  they  depend  upon 
the  scope  of  the  work  and  are  made  at  all  levels.  Funda¬ 
mental  research  problems  are  discontinued  largely  upon  the 
decision  of  the  individual  scientists  and  seldom  at  the  request 
of  the  director.  For  development  work,  decisions  are  fre¬ 
quently  made  by  the  department  heads,  although  questions 
about  specific  phases  within  a  program  are  settled  by  the 
group  leaders  or  section  heads. 

Almost  as  difficult  to  make  as  the  decision  to  start  a  piece 
of  work  is  that  to  stop  it.  Probably,  the  tendency  is  to  con¬ 
tinue  work  too  long  after  it  should  have  become  clear  that  it 
was  not  likely  to  prove  sufficiently  valuable  to  be  worth  the 
time  spent  upon  it;  but  again  the  history  of  science  is  full 
of  examples  of  discouraging  and  unsatisfactory  work  which, 
persevered  in,  finally  proved  successful.  A  piece  of  work 
which  has  been  commenced  and  is  abandoned  without  result 
represents  practically  a  dead  loss,  and  the  question  is  con- 


241 


The  Direction  of  Research 


tinually  arising  as  to  whether  it  is  better  to  cut  the  loss  and 
start  a  new  problem  or  to  continue  in  the  hope  of  retrieving 
an  apparent  failure.  Each  case,  of  course,  must  be  decided  on 
its  merits,  but  it  is  important  not  to  let  any  question  of  senti¬ 
ment  intervene;  i.e.,  the  individual  worker  must  not  be 
allowed  to  feel  that  it  is  a  reflection  on  him  if  a  piece  of  work 
which  he  has  been  doing  has  to  be  abandoned ;  otherwise,  he 
will  certainly  strive  to  continue  work  after  it  should  have 
been  given  up.  Rarely  is  a  man  really  responsible  for  a 
failure;  more  often  merely  a  bad  selection  of  problem  was 
made.  As  far  as  possible,  men  should  be  encouraged  to  look 
at  their  problems  objectively  and  to  recommend  abandon¬ 
ment  of  work  which  they  doubt  they  can  bring  to  a  success¬ 
ful  conclusion,  without  their  feeling  that  it  is  a  personal 
reflection  on  them  to  drop  a  given  problem. 

Some  special  considerations  apply  to  discontinuing  devel¬ 
opment  programs.  An  investigation  of  considerable  scope  may 
reach  a  stage  where  it  is  evident  that  further  large  expendi¬ 
tures  of  money  are  required  to  arrive  at  a  conclusion;  the 
director  must  determine  on  the  basis  of  commercial  consid¬ 


erations  whether  the  work  should  be  continued  or  stopped 

Actually,  laboratory  directors  do  not  very  often  decide  to 
discontinue  research  and  development  problems.  Most  either 
die  of  their  own  accord  or  are  successfully  solved.  A  funda¬ 
mental  research  program  is  stopped  either  because  the  work 
is  not  progressing  succesfully  or  because  changes  in  over-all 
laboratory  emphasis  make  it  advisable  to  concentrate  effort 
in  other  directions.  Similarly,  development  projects  which 
are  discontinued  often  die  because  it  is  obvious  to  the  indi¬ 
vidual,  section  head,  or  department  head  that  time  may  be 
more  profitably  devoted  to  other  problems 

After  a  decision  is  made  to  undertake  an  investigation  it 
must  be  assigned  to  a  group  in  the  laboratory.  The  program 
may  be  so  broad  that  it  is  necessary  to  break  it  down  into 
several  problems,  or  it  may  be  so  specific  that  it  can  be 
handled  by  one  person  with  his  technical  assistants  The 
group  or  individual  to  whom  a  problem  is  to  be  assigned  may 
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be  obvious;  if  it  is  along  established  lines  or  is  simply  an  ex¬ 
tension  of  existing  work,  there  is  often  no  doubt  as  to  who  is 
est  qualified  to  undertake  it,  and  assignment  can  usually  be 
made  by  the  department  head,  section  head,  or,  to  a  limited 
extent,  group  leader. 

The  procedure  is  somewhat  different  when  new  work  is 
undertaken  or  the  director  decides  to  extend  old  work  in  new 
directions.  Several  ways  for  assigning  such  problems  have 
been  used  in  different  laboratories.  Most  commonly  the  di¬ 
rector  turns  the  problems  over  to  the  appropriate  depart¬ 
ments  after  considering  the  over-all  laboratory  organiza¬ 
tion,  the  facilities,  and  the  technical  ability  of  the  different 
groups  and  the  individuals  in  them. 

In  some  laboratories,  a  system  has  been  developed  in  which 
the  director  and  his.  senior  staff,  usually  the  heads  of  the 
major  laboratory  divisions,  act  as  a  committee  to  consider 
new  work  and  to  assign  and  coordinate  the  various  programs. 
New  ideas  originating  from  the  research  men  are  presented 
to  this  committee  after  having  been  screened  by  the  section 
and  department  heads.  Other  suggestions  and  proposals  are, 
of  course,  made  by  the  director  and  by  the  department  heads. 
If  a  program  or  problem  is  worth  investigating,  one  of  several 
procedures  may  be  followed. 

In  one  system,  the  director  assigns  the  problem  to  one  of 
the  department  heads,  indicating  to  what  extent  he  may  call 
upon  the  other  laboratory  groups  for  assistance;  in  this  way, 
each  of  the  department  heads  knows  of  the  importance  of  the 
problem  and  how  he  may  be  able  to  help  in  its  solution.  In 
one  laboratory,  a  committee  not  only  assigns  the  problem  to 
a  given  department  but  goes  so  far  as  to  choose  the  indi¬ 
vidual  scientists,  from  the  department  or  several  depart¬ 
ments  where  cooperation  is  involved,  who  are  to  work  on  the 
problem. 

A  second  system  appears  to  have  originated  and  been  re¬ 
fined  during  the  intensive  development  activities  carried  on 
during  the  last  few  years  for  the  solution  of  military  and 
other  industrial  problems.  This  system  is  effective  in  push- 
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ing  to  a  conclusion  specific  problems  which  require  the 
assistance  of  various  technical  skills  centered  in  different 
departments.  By  it  either  the  director  himself  or  a  laboratory 
supervisory  committee  assigns  to  one  department  head  or  to 
another  senior  man  the  responsibility  for  a  program.  The 
individual  is  frequently  called  the  project  leader,  and  he  must 
coordinate  all  the  activities  of  all  the  laboratory  groups  cen¬ 
tered  on  the  particular  problem.  He  may  call  upon  any  of  the 
departments  for  assistance,  in  some  cases  dealing  directly 
with  the  persons  working  on  the  particular  program;  in 
others,  with  the  department  head.  Usually  the  project  leader 
is  the  head  or  a  member  of  the  department  in  which  the 
major  part  of  the  work  must  be  done. 

R.  L.  Jones  1  of  the  Bell  Telephone  Laboratories  discusses 
what  he  terms  “functional  and  project  organization. ”  A 
project  organization  is  the  type  referred  to  above,  whereas 
functional  organization  is  essentially  that  of  the  depart¬ 
mental  system.  Jones  points  out  that  the  advantages  of 
functional  organization  are  that  it  “encourages  scholarship 
and  the  development  of  experts;  it  has  stability  and  security 
for  the  man  who  wants  to  be  a  specialist;  it  encourages  more 
lasting  areas  of  common  interest  with  scientists  in  other 
institutions.  On  the  other  hand,  functional  departments 
sometimes  develop  vested  interests  in  space  and  facilities 
that  are  disadvantageous  and  difficult  to  deal  with.”  Project 
organization,  however,  “promotes  flexibility  in  the  use  of 
men,  space,  and  facilities.  It  broadens  the  experience  of  the 
technical  staff.  It  tries  out  and  develops  leaders  at  the  work¬ 
ing  level.  It  gets  things  done.”  Jones  states  that  in  practice 
large  laboratories  incorporate  elements  of  both  functional 
and  project  oigamzation  and  that  he  favors  a  large  measure 
of  project  organization  for  work  that  has  concrete  and  prac¬ 
tical  objectives.  When  the  emphasis  is  on  basic  research, 
functional  organization  is  likely  to  be  preferred. 

1  Organization  of  Research  and  Development  Laboratories,  Proceed¬ 
ings  of  the  Conference  on  Administration  of  Research,  Tech.  Bull.  29 
Oct.  6-7,  1947,  Pennsylvania  State  College  Bulletin. 
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Another  system,  not  widely  used,  is  that  in  which  the 
senioi  scientists  in  the  laboratory  constitute  a  reservoir  of 
technical  man  power  and  knowledge.  Each  of  these  senior 
scientists  has  a  small  staff  of  technical  assistants.  When  a 
new  project  is  to  be  undertaken,  the  director  assigns  one  of 
the  men  as  project  leader  and  organizes  a  team  of  workers 
representing  the  different  types  of  technical  experience 
needed  to  attack  the  problems.  The  men  in  this  team  are  re¬ 
sponsible  to  the  project  leader  for  the  particular  program. 
When  the  program  is  completed,  the  scientists  are  again 
available  to  the  pool  for  other  work. 

The  schemes  described  above  can  lead  to  the  efficient  solu¬ 
tion  of  specific  problems  and  have  been  most  widely  used  for 
development  work.  For  reasons  stated  earlier  (Chap.  XI. 
page  214)  ,  they  are  not  satisfactory  for  research  work.  There 
is  also  difficulty  in  administering  a  system  in  which  the 
individual  worker  has  divided  responsibility  to  his  depart¬ 
ment  head  and,  for  a  given  project,  to  the  project  leader. 
The  directors  of  laboratories  who  use  this  system  have 
found,  however,  that  these  administrative  problems  can  be 
satisfactorily  solved. 

Considerable  attention  is  given  above  to  systems  of  or¬ 
ganization  in  order  to  describe  methods  used  in  different 
laboratories.  It  must  be  emphasized  that  there  is  no  virtue 
per  se  in  the  organization  and  systematizing  of  technical  ad¬ 
ministrative  procedures.  Care  must  be  taken,  indeed,  that 
establishing  and  following  a  strict  system  does  not  become 
almost  an  end  in  itself;  to  quote  A.  D.  Little,  “There  is  a 
danger  in  an  organization  chart — danger  that  it  be  mis¬ 
taken  for  an  organization.”  Experienced  research  directors 
have  pointed  out  repeatedly  that  every  effort  should  be  made 
to  reduce  formalization  in  a  laboratory  to  the  minimum  con¬ 
sistent  with  satisfactory  operation.  Some  balance  must  be 
found  between  overorganization  and  autonomy  on  the  pait 
of  the  individual  workers  to  the  extent  that  their  efforts  can¬ 
not  be  effectively  directed  to  the  main  objectives  of  the 
laboratory. 
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In  general,  technical  administration  must  be  handled  with 
as  much  informality  as  possible  and  every  effort  made  to  en¬ 
courage  cooperation  between  individuals  and  groups  on  a 
voluntary  basis.  In  a  small  laboratory,  it  is  relatively  easy 
to  do  this,  but  the  problem  becomes  increasingly  difficult  as 
the  laboratory  grows.  In  the  larger  laboratories,  much  of  the 
initiative  in  fostering  cooperation  on  an  informal  basis  must 
be  taken  by  the  department  and  section  heads,  usually  by 
setting  a  good  example.  Obviously,  a  research  laboratory  is 
more  successful  in  its  development  program  if  the  staff  and 


supervision  cooperate  willingly. 

From  the  preceding  discussion,  it  is  apparent  that  the  re¬ 
search  director  must  assume  a  great  deal  of  personal  respon¬ 
sibility  for  the  technical  program  and  for  its  coordination. 
To  do  this,  he  must  himself  keep  in  as  close  touch  as  possible 
with  the  individual  investigations.  For  a  small  laboratory, 
this  is  not  so  difficult,  but  for  a  large  organization  he  can 
select  only  those  programs  which  at  the  moment  are  of 
greatest  importance  and  devote  as  much  time  as  possible  to 
these.  In  order  to  ensure  that  all  the  laboratory  work  is  re¬ 
ceiving  proper  attention,  the  directors  of  large  laboratories 
frequently  share  their  technical  duties  with  others.  Most 
laboratories  have  assistant  or  associate  directors,  and  fre¬ 
quent  y  t  e  director  delegates  to  these  men  the  responsibility 
or  phases  of  the  technical  work.  In  some  laboratories,  certain 
departments  are  assigned  to  the  assistant  director,  and  he 
acts  as  director  in  so  far  as  these  groups  and  their  technical 
activities  are  concerned.  Thus,  an  assistant  director  may  be 
p  aced  m  charge  of  all  the  chemical  departments  or  all  de¬ 
velopment  and  pilot-plant  groups.  In  a  very  large  laboratory 
he  director  may  have  two  or  more  assistant  or  associate 
irectors  who  act  as  an  advisory  committee  or  who  have 
defimte  responsibilities  for  selecting  and  coordinating  certain 
parts  of  the  over-all  laboratory  program 

dirtS^ 

authorized  to  coordinate  and  expedite 
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programs.  The  staff  assistant  acts  for  the  director  and  may 
deal  directly  with  the  individual  scientists  but  more  com¬ 
monly  deals  with  the  heads  of  the  departments. 

The  attention  which  the  department  heads  can  give  to 
their  technical  responsibilities  depends  upon  the  number  of 
nontechnical  duties  which  they  must  perform.  The  question 
as  to  the  best  distribution  between  administrative  and  tech¬ 
nical  functions  is  one  concerning  which  there  are  different 
opinions.  In  the  majority  of  laboratories,  however,  there 
seems  to  be  some  agreement.  It  can  be  stated  generally  that 
the  degree  of  attention  to  nontechnical  details  assumed  by 
the  laboratory  supervisor  increases  with  the  sizes  of  the 
groups.  For  example,  a  group  leader  in  a  laboratory  usually 
concerns  himself  almost  entirely  with  technical  and  scientific 
matters.  A  section  head  is  also  concerned  with  technical  mat¬ 
ters  but  usually  must  spend  some  time  in  coordinating  the 
work  of  his  section  with  that  of  others;  in  addition,  he  may 
be  called  upon  to  do  a  small  amount  of  administrative  work. 
The  department  head  must  spend  most  of  his  time  coordinat¬ 
ing  the  technical  activities  within  his  department  and  inte¬ 
grating  them  with  the  work  of  other  divisions  of  the  labora¬ 
tory  or  other  groups  within  the  company.  He  is  responsible 
for  seeing  that  general  laboratory  policy  is  followed  in  both 
scientific  and  nonscientific  matters;  he  also  has  certain  ad¬ 
ministrative  duties  which  vary  from  laboratory  to  laboratory. 

The  selection  of  a  group  leader  usually  is  determined  solely 
on  the  basis  of  scientific  ability;  the  selection  of  a  section 
head,  predominantly  by  scientific  ability  but,  to  some  extent, 
by  general  ability  to  organize  work  and  to  cooperate  with 
other  groups.  In  the  selection  of  a  department  head,  a  num¬ 
ber  of  factors  must  be  considered.  In  the  first  place,  he 
should  be  recognized  as  a  research  or  development  man,  since 
it  is  very  important  that  the  men  under  his  supervision 
should  have  respect  for  his  personal  accomplishments;  he 
must  be  capable  of  cooperating  effectively  with  the  other 
groups  in  and  outside  of  the  laboratory;  he  must  be  a  man 
of  personal  integrity.  Above  all,  he  must  have  an  understand- 
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ing  of  and  a  sympathy  for  the  scientific  method.  The  relative 
weights  which  directors  give  to  the  different  qualifications 
of  department  heads  can  best  be  stated  by  summarizing  the 
answers  which  they  gave  to  the  specific  questions : 

To  what  extent  are  heads  of  departments  or  research 
groups  required  to  do  administrative  work  f  Are  the  heads  of 
departments  or  research  groups  chosen  primarily  for  admin¬ 
istrative  or  for  scientific  ability  f 


1.  The  amount  of  administrative  work  done  by  the  heads  of 
the  departments  varies  considerably.  Some  heads  run  their  de¬ 
partments  in  a  very  orderly  and  businesslike  manner.  Others  do 
not.  This,  of  course,  creates  difficulties. 

Heads  of  departments  are  chosen  primarily  for  administrative 
ability,  but  a  certain  amount  of  scientific  ability  is  required.  This 
is  a  very  difficult  problem.  The  head  of  a  department  must  have 
scientific  training  and  interest  in  science,  although  he  need  not  be 
a  first-class  scientist. 

In  any  consideration  of  the  qualifications  of  heads  of  depart¬ 
ments,  a  distinction  must  be  made  between  research  and  develop¬ 
ment  work.  An  individual  in  charge  of  a  group  doing  primarily 
fundamental  research  need  have  little  administrative  ability, 
whereas  heads  of  departments  doing  development  work  must 
have  more  such  ability. 

2.  The  department  heads  spend  about  10  per  cent  of  their  time 
on  administrative  duties.  The  department  heads  are  chosen  for 
their  administrative  ability  mainly.  The  group  leaders  are  chosen 
principally  for  their  scientific  ability. 


3.  The  heads  of  sections  or  research  groups  are  not  required  to 
do  administrative  work.  The  sections  operate  according  to  the 
inclinations  of  individuals.  Some  wish  to  assume  the  administra¬ 
tive  work  of  their  departments;  others  do  not.  Procedures  vary. 

n  general,  heads  of  sections  of  research  groups  are  chosen  for 
their  all-round  technical  ability. 

4.  Heads  of  research  groups  are  chosen  almost  entirely  for 
their  scientific  ability.  The  group  heads  are  free  to  do  work  on 
their  own  initiative. 


5.  The  amount  of  administrative  responsibility  assumed  bv  a 
division  head  depends  upon  the  individual.  Some  men  prefer  to 
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take  care  of  administrative  details;  others  do  not.  Division  heads 
are  chosen  primarily  for  scientific  ability,  but  the  size  of  a  divi¬ 
sion  depends  upon  the  administrative  ability  of  its  head.  The 
division  heads  are  given  as  much  authority  as  they  are  willing  to 
take  or  can  carry. 

6.  Heads  of  departments  are  required  to  do  some  administra¬ 
tive  work,  although  not  a  great  deal.  Such  men  are  chosen  pri¬ 
marily  for  their  scientific  ability,  but  they  are  required  to  have 
some  administrative  talent.  Department  heads  determine  the 
method  of  attack  on  problems.  They  pick  personnel  for  the  work 
and  determine  the  disposition  of  the  work  within  their  depart¬ 
ments. 

7.  Heads  of  research  groups  are  required  to  do  little  adminis¬ 
trative  work.  Department  heads  are  required  to  do  more.  For  the 
research  groups,  the  department  heads  are  chosen  for  scientific 
ability  but  must  have  the  cooperative  spirit.  Department  heads 
are  chosen  for  leadership,  cooperativeness,  and  broad  vision. 

It  is  apparent  that  the  amount  of  administrative  work 
assumed  by  the  department  heads  varies  in  different  labora¬ 
tories,  although  in  most  laboratories  the  tendency  is  definitely 
toward  placing  as  many  administrative  responsibilities  as 
possible  in  the  hands  of  a  centralized  laboratory  group  under 
a  business  manager.  The  department  heads  are  expected  to 
implement  the  policies  established  by  the  director  and  busi¬ 
ness  manager  in  nontechnical  matters  in  order  to  ensure  that 
a  uniform  practice  is  observed  throughout  the  whole  labora¬ 
tory.  This  system  works  satisfactorily  and,  indeed,  for  large 
laboratories  seems  to  be  the  only  way  in  which  the  technical 
capabilities  of  the  supervision  can  be  used  to  advantage. 

In  carrying  out  the  scientific  and  technological  investiga¬ 
tions  of  the  laboratory,  the  individual  worker  can  expect 
from  his  supervision  guidance,  definite  scientific  suggestions, 
and  adequate  facilities;  these  must  be  provided  by  the  group 
leaders,  section  heads,  and  department  heads.  The  research 
director  by  his  personal  contacts  with  the  individual  labora¬ 
tory  workers,  however,  can  have  a  very  powerful  influence 
on  their  productiveness.  The  degree  of  responsibility  which 
different  directors  feel  toward  individuals  in  their  labor  a- 
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tories  varies.  For  a  smaller  laboratory,  it  is  obviously  a 
major  responsibility  of  the  director,  which  follows  naturally 
in  conducting  the  scientific  work,  to  discuss  their  technical 
problems  with  the  research  men.  As  a  laboratory  grows, 
direct  discussion  becomes  more  and  more  difficult,  and  the 
director  must  pass  on  to  the  department  heads  and  the 
other  supervision  the  job  of  keeping  the  laboratory  ad¬ 
ministration  in  close  contact  with  the  staff.  At  the  same 
time,  however,  the  director  retains  certain  over-all  respon¬ 
sibilities  to  the  individual  workers.  He  must  provide  them 
with  the  proper  environment  and  the  opportunity  to  carry 
on  their  work.  He  must  ensure  that  they  are  well  adapted  to 
their  particular  problems  and  see  that  they  have  adequate 
supervision  and  training.  One  of  the  major  responsibilities 
of  the  director  to  the  workers  is  to  see  that  their  work  is  con¬ 
scientiously  evaluated  and  that  they  receive  adequate  finan¬ 
cial  recognition  for  it.  In  addition,  the  director  must  ensure 


that  they  have  every  opportunity  to  grow  technically  and 
scientifically  in  order  that  they  may  better  their  chances  for 
advancement.  Finally,  wherever  possible,  the  director  should 
hold  himself  ready  to  discuss  scientific  or  personal  matters 
with  the  individual  workers  if  these  cannot  be  normally 
handled  in  a  manner  satisfactory  to  them. 

Perhaps  the  most  general  statement  that  can  be  made 
about  the  responsibility  of  the  director  to  the  individual  is 
that  he  must  administer  the  laboratory  in  a  way  which  does 
not  tolerate  either  conditions  or  supervision  interfering  with 
the  work  of  the  scientists.  This  situation  is  not  easy  when 

the  temperaments  and  prejudices  of  most  human  beings  arp 
considered.  fe  ' 

The  direct  association  which  the  scientists  have  with  the 
direcior  varies,  as  stated,  with  the  size  of  the  laboratory  In 
all  but  the  very  largest  laboratories,  the  director  has  contact 
with  the  individual  workers  at  some  time;  usually,  this  oc¬ 
curs  when  he  takes  a  personal  interest  in  some  phase  of  the 
laboratory  work.  In  general,  there  is  no  formal  system  by 
which  contacts  are  established.  They  may  occur  at  confer- 
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ences  or  by  consultation  on  problems.  Some  directors  call  in 
the  research  men  and  discuss  their  problems  with  them, 
whereas  others  periodically  visit  the  different  laboratories 
and  talk  with  the  men  informally  about  what  they  are  do¬ 
ing.  It  seems  that  in  large  laboratories  there  is  seldom  a 
formal  system  which  ensures  the  director  seeing  all  of  the 
men  at  definite  intervals. 

The  assignment  of  work  to  the  individual  is  made  by  the 
department  head.  A  broad  program  is  broken  down,  and  the 
closely  related  elements  are  distributed  among  different 
groups  and  individuals  according  to  their  abilities  and  train¬ 
ing.  For  specific  problems,  the  assignment  by  the  depart¬ 
ment  head  to  the  individual  is  usually  straightforward, 
although  for  work  in  fields  not  highly  specialized  a  choice 
may  have  to  be  made  between  several  scientists. 

In  assigning  problems  to  individuals,  the  department  head 
should  take  into  account  not  only  scientific  ability  and  train¬ 
ing  but  also  temperament.  It  is  only  by  observing  closely 
howr  each  person  performs  that  a  department  head,  section 
head,  or  group  leader  can  decide  how  talents  can  be  used 
most  effectively.  Some  scientists  can  work  on  several  prob¬ 
lems  simultaneously,  whereas  others  are  able  to  concentrate 
on  only  one.  Some  workers  are  interested  only  in  research, 
some  only  in  development,  and  others  can  work  effectively 
and  with  enthusiasm  in  both  fields. 

In  attempts  to  arrive  at  some  generalization,  the  directors 
of  some  large  laboratories  were  asked  their  opinions  about 
the  number  and  types  of  different  problems  which  the  men 
in  their  laboratories  wrork  on  at  one  time.  Their  statements 

may  be  summarized  as  follows : 

The  work  which  a  given  individual  can  undertake  at  any 
one  time  depends  almost  entirely  upon  the  man  and  the  na¬ 
ture  of  the  problems.  Frequently  men  have  a  tendency  to 
undertake  too  many  problems  at  the  same  time,  and  it  is  t  e 
experience  in  most  laboratories  that  if  permitted  to  diversi  y 
too  much  they  do  not  do  well  with  any  of  the  problems. 
However,  it  is  well  to  assign  several  problems  to  most  men 
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so  that  they  can  shift  back  and  forth  as  they  become  stale  or 
discouraged  with  one  or  the  other;  the  problems  should 
preferably  be  related,  so  that  it  is  not  difficult  to  turn  from 
one  to  the  other. 

It  has  been  found  that  a  combination  of  applied  research 
and  development  problems  in  the  same  field  is  an  excellent 
program  for  many  persons.  There  seems  to  be  general  agree¬ 
ment,  however,  that  men  working  on  fundamental  research 
should  not  be  distracted  by  having  to  carry  on  development 
problems  at  the  same  time.  Not  only  is  it  frequently  more 
difficult  to  concentrate  on  fundamental  research,  but  the 
solution  of  specific  development  problems  is  sometimes  easier 
than  that  of  fundamental  research  problems,  and  a  man  do¬ 
ing  the  latter  type  of  work,  if  interrupted  too  often,  may 
lose  interest  which  it  will  be  difficult  to  regain.  Frequently 
men  doing  development  work  should  have  some  respon¬ 
sibility  for  technical  service  in  the  same  field.  This  tends 
to  ensure  that  they  keep  in  close  touch  with  the  commercial 
realities  of  their  problems. 


Scientists  vary  in  their  ability  to  do  fundamental  and  ap¬ 
plied  research,  and  this  variation  usually  becomes  apparent 
relatively  early  in  a  person’s  career  in  an  industrial  labora¬ 
tory.  It  is  sometimes  stated  that  a  man  who  is  a  successful 
research  worker  cannot  do  satisfactory  development  work. 
The  contrary  seems  to  be  a  common  experience,2  and  a 
genuine  effort  should  be  made  by  the  director  to  see  that 
those  persons  who  are  really  capable  at  fundamental  re- 
search  do  not  become  too  interested  in  development  work, 
t  is  difficult  to  find  scientists  who  can  make  genuine  research 
contributions,  and  such  men  should  be  encouraged  to  con- 
tinue  to  produce  basic  information. 

Another  question  to  be  considered  in  connection  with  the 
program  of  the  individual  scientists  is  that  of  distributing 
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their  work  between  short-range  and  long-range  problems. 
It  is  generally  accepted  that  a  worker  should  have  both  long- 
range  and  short-range  problems.  He  can  always  return  to  the 
long-range  problem  when  he  has  completed  the  more  urgent 
short-range  problem.  Around  it  he  can  schedule  his  ac¬ 
tivities,  and  it  gives  him  a  concrete  objective  upon  which 
to  concentrate.  The  short-range  problems  should  be  in  the 
same  or  a  closely  related  field.  Since  fundamental  research 
problems  are  by  their  very  nature  long-range,  it  is  not  usual 
for  a  man  doing  basic  research  to  engage  in  more  than  one 
phase  of  a  research  program  at  any  one  time,  although  he 
may  work  along  several  specific  lines  within  the  same 
field. 

When  work  has  been  assigned  to  an  individual  or  small 
group,  the  importance  of  the  problem,  its  relationship  with 
other  work  in  the  laboratory,  and  its  objectives  should  be 
made  clear.  The  amount  of  information  given  to  workers 
about  the  relation  of  their  particular  problems  to  the  gen¬ 
eral  program  of  the  laboratory  seems  to  vary  from  labora¬ 
tory  to  laboratory.  The  secrecy  that  formerly  existed  in 
some  laboratories  has  almost  completely  disappeared,  but 
directors  differ  as  to  the  amount  of  general  information 
which  should  be  given  the  individual  scientists,  often  for 
fear  that  they  may  be  distracted  from  their  work  by  specula¬ 
tions  about  the  problems  of  others.  It  is  generally  agreed, 
however,  that  in  principle  it  is  important  to  keep  men  in¬ 
formed  of  the  problems  and  progress  of  work  done  outside 
of  their  own  groups;  only  so  can  they  see  the  possible  exten¬ 
sions  of  their  work  and  become  acquainted  with  the  tech¬ 
nical  knowledge  and  skills  available  to  them  in  the  labora¬ 
tory.  The  section  heads  and  department  heads  should,  of 
course  have  this  information,  but  in  large  laboratories  they 
cannot  possibly  have  as  intimate  knowledge  of  each  indi¬ 
vidual  problem  as  the  research  worker. 

A  question  similar  to  the  above  is  that  of  separating  e 
men  engaged  primarily  in  fundamental  research  from  those 
carrying  on  development  in  the  same  field.  The  practice  of 
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different  laboratories  appears  to  vary.  As  pointed  out  in 
Chap.  IX,  the  over-all  program  in  some  laboratories  is 
divided  according  to  stage  of  application,  and  fundamental 
research  is  carried  out  in  a  department  completely  sepa¬ 
rated  from  those  doing  the  development  work.  In  other 
laboratories,  the  fundamental  research  work  in  a  given  field 
is  done  by  the  department  which  is  also  carrying  on  the 
development  work.  Whereas  the  systems  used  by  different 
research  directors  vary,  all  probably  depend  upon  the  type 
of  over-all  laboratory  program  and  the  nature  of  products 
and  manufacturing  operations.  In  an  industry  concerned 
primarily  with  the  production  of  many  different  chemicals, 
the  situation  is  different  from  that  in  a  laboratory  whose 
major  concern  is  manufacturing  a  final,  complicated  product 
consisting  of  many  interdependent  elements,  e.g.,  color  film 
and  its  processing.  The  directors  of  convergent  laboratories 
agree  that  it  is  not  desirable  to  separate  the  men  doing  fun¬ 
damental  research  from  those  doing  development  work,  al¬ 
though  there  must  be  sufficient  separation  to  ensure  that 
the  former  are  not  drawn  into  practical  problems  which 
divert  them  from  their  main  objectives.  It  is  very  desirable 
for  men  familiar  with  the  fundamental  aspects  of  a  problem 
to  advise  and  consult  with  those  responsible  for  its  later 
application.  Often,  indeed,  the  men  who  have  done  the  fun¬ 
damental  work  carry  on  the  development  work  for  a  time 
and  get  considerable  satisfaction  from  changing  back  and 
forth  as  the  over-all  problem  requires.  In  many  laboratories, 
the  different  departments  include  men  doing  both  research 
and  development  work  to  ensure  better  continuity  as  a 

given  problem  passes  through  its  various  stages  of  appli¬ 
cation.  1 

.  The  Bel1  Telephone  Laboratories  do  not  follow  the  prac¬ 
tice  of  having  scientists  who  have  done  the  fundamental 
research  on  a  program  follow  it  through  into  the  develop¬ 
ment  stage.  As  mentioned  on  page  199,  the  Laboratories 
have  a  large  department  concerned  only  with  research  and 
the  application  of  the  results  of  the  work  of  this  depart 
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ment  is  carried  on  by  coordinate  development  departments 
of  the  Laboratories.  The  research  men  are  thus  left  free  to 
continue  fundamental  studies  directed  at  the  acquisition  of 
new  knowledge. 

The  sizes  of  the  scientific  groups  in  a  laboratory  depend 
upon  the  type  of  organization,3  but  there  are,  in  addition, 
certain  fundamental  principles  which  tend  to  control  the 
size.  The  number  of  scientists  who  can  work  effectively  on 
a  research  program  is  necessarily  small,  and  research  groups 
in  most  large  laboratories  consist  of  one  to  five  scientific 
men  with  their  technical  assistants.  On  the  other  hand, 
groups  engaged  on  development  problems  or  programs  can 
be  very  large,  since  it  is  possible  for  a  few  senior  individuals 
to  line  up  the  objectives  and  direct  the  activities  of  the  dif¬ 
ferent  subgroups.  In  some  large  laboratories,  there  are  as 
many  as  40  or  50  persons  in  a  single  group  working  on  a 
specific  development  project. 

The  sizes  of  the  research  or  development  groups  depend 
not  only  upon  the  type  of  work  but  also  upon  such  factors 
as  the  extent  to  which  individual  programs  are  broken  down, 
urgency,  and  particularly  the  administrative  ability  of  the 
heads  of  the  groups.  The  sizes  of  development  groups  are 
determined  very  largely  by  the  administrative  ability  of 
their  heads,  and  frequently  an  efficient  and  able  leader  is  so 
successful  that  the  contributions  of  his  section  justify  its 
continuous  expansion. 

One  of  the  important  considerations  in  research  direction 
is  the  number  of  technical  assistants  which  the  scientists  can 
use  effectively.  It  is  obviously  inefficient  to  have  a  highly 
trained  professional  man  carry  on  routine  or  semiroutine 
operations  which  can  be  performed  by  others  who  have  less 
training  and  who,  consequently,  are  paid  less.  The  amount 
of  such  technical  but  nonprofessional  assistance  which  an 
individual  needs  depends  upon  the  type  of  work.  A  scientist 
doing  research  cannot  profitably  use  as  much  nonprofes¬ 
sional  help  as  the  man  who  is  working  on  specific  develop- 

3  See  Chap.  IX,  p.  193. 
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ment  problems  or  who  is  providing  routine  or  semiroutine 
service. 

The  above  generalizations  are  evident  from  the  ratios  of 
professional  to  nonprofessional  technical  workers  employed 
in  different  laboratories.  These  ratios  vary  from  4  to  0.3  for 
a  group  of  medium-size  and  large  laboratories.  An  exami¬ 
nation  of  the  figures  indicates  clearly  that  those  laboratories 
which  do  much  research  have  a  much  higher  ratio  of  profes¬ 
sional  to  nonprofessional  workers  than  those  which  carry  on 
a  large  amount  of  development  work  and  pilot-plant  opera¬ 
tion.  This  might  be  expected,  but  it  is  surprising  that  the 
number  of  nonprofessional  assistants  is  so  small;  in  a  num¬ 
ber  of  laboratories  there  are  at  least  three  professional  to 
one  nonprofessional  worker.  At  the  other  extreme  is  a  labora¬ 
tory  doing  much  control  and  pilot-plant  work  and  in  which 
there  are  three  nonprofessional  technical  men  to  each  sci¬ 
entist.  Data  for  all  persons  engaged  in  industrial  research 
laboratories  in  the  United  States  show  a  ratio  of  professional 
to  nonprofessional  technical  workers  of  1  to  0.65. 4 

It  is  not  possible  to  specify  the  type  of  operation  cus¬ 
tomarily  handled  by  laboratory  assistants.  It  varies  with  the 
temperament  and  interests  of  the  individual  who  is  conduct¬ 
ing  the  work;  some  scientists  like  to  set  up  routine  systems, 
others  do  not.  Indeed,  the  director  must  sometimes  prevent 
individual  scientists  from  becoming  so  enmeshed  in  details 
that  they  no  longer  do  creative  work.  Wherever  possible, 
routine  operations  should  be  assigned  to  a  service  group,  as 
discussed  in  Chap.  IX. 

Laboratory  programs  must  often  be  separated  into  related 
problems  and  the  elements  assigned  to  several  groups  either 
in  one  department  or  in  several  different  departments.  In 
a  large  laboratory,  there  are  often  overlapping  interests  and 
training,  and  when  there  is  great  urgency  to  solve  a  par- 
ticular  problem,  as  many  different  scientists  as  possible 
should  be  engaged  in  the  work.  This  situation  raises  the 
question  of  duplication  of  work  in  the  sense  that  different 

4  See  Chap.  VII,  p.  121,  footnote  2. 
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individuals  or  groups  are  assigned  the  same  general  problem 
with  the  same  objectives.  There  appears  to  be  some  dif¬ 
ference  of  opinion  as  to  whether  this  duplication  is  desir¬ 
able  j  most  laboratories  seem  to  avoid  it.  In  some  labora¬ 
tories,  different  phases  of  the  same  broad  problem  are  as¬ 
signed  to  different  groups,  and  in  others  several  groups  work 
independently  on  the  same  general  problem  but  use  dif¬ 
ferent  methods  of  approach.  One  research  director  has  stated 
that  competition  engendered  by  having  several  groups  work 
toward  the  same  objective  is  very  stimulating  to  the  work¬ 
ers.  The  general  opinion  seems  to  be  that  direct  competition 
is  undesirable  but  that  competition  to  solve  different  parts 
of  a  general  problem  is  stimulating  and  effective.  The  rela¬ 
tionship  between  the  several  groups  carrying  on  the  work, 
howTever,  must  be  friendly,  and  information  concerning 
progress  and  ideas,  for  instance,  must  be  freely  exchanged. 

Unfriendly  competition  between  individuals  or  small 
groups  in  a  research  laboratory  should  be  guarded  against. 
The  director  and  the  department  heads  must  keep  it  at  a 
minimum,  and  the  department  heads  in  particular  must  see 
that  they  do  not  encourage  such  unfriendly  competition 
by  setting  a  poor  example  for  their  men.  If  this  happens, 
the  director  must  intervene. 

Of  greatest  importance  in  the  operation  of  a  research 
laboratory  is  the  successful  coordination  of  the  work,  which 
must  be  secured  at  all  levels.  Various  systems  have  been  de¬ 
scribed  for  evaluating  and  assigning  the  work  of  the  labora¬ 
tory,  and  these  same  basic  systems  are  used  for  coordinat¬ 
ing  it.  Sometimes  the  director  deals  with  the  department 
heads  and  occasionally  with  section  heads.  In  other  cases,  a 
research  laboratory  committee,  consisting  of  the  director 
and  department  heads,  meets  regularly  to  consider  technical 
problems  which  require  interdepartmental  cooperation.  De¬ 
cisions  made  by  the  director  and  department  heads  are  im¬ 
portant  but  they  cannot  be  effective  if  the  scientists  them¬ 
selves  do  not  make  an  effort  to  integrate  their  work  with 
that  of  others  in  the  laboratory.  This  cooperation  between 
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the  individual  workers  is  one  of  the  major  factors  in  the 
success  of  the  laboratory. 

The  importance  of  spontaneous  cooperation  between  indi¬ 
viduals  has  been  recognized  by  research  directors  and  is 
reflected  by  .the  practices  of  different  laboratories.  There  is 
constant  need  for  specialized  assistance  from  scientists  in 
different  groups,  and  it  should  be  given  with  a  minimum 
of  delay  and  red  tape.  In  large  laboratories,  contacts  between 
individuals  in  different  research  groups  for  the  purpose  of 
obtaining  information  and  for  getting  technical  assistance 
on  problems  are  made  at  all  levels.  Sometimes  individuals 
go  directly  to  other  groups  for  help  without  securing  formal 
approval  of  their  requests.  In  other  cases,  such  requests  for 
assistance  may  follow  the  organization  lines;  this  procedure 
is  ordinarily  used  when  a  new  type  of  work  or  a  new  admin¬ 
istrative  problem  is  involved.  In  most  laboratories,  certain 
channels  for  securing  help  in  particular  directions  are  set 
up  and  become  recognized  by  the  workers.  The  department 
heads  must  set  up  such  channels  and  treat  them  consist¬ 
ently. 

The  freedom  with  which  an  individual  can  undertake 
work  at  the  request  of  others  usually  depends  upon  its  scope. 
Problems  requiring  only  advice  or  a  small  amount  of  rou¬ 
tine  help  are  generally  handled  without  explicit  authoriza¬ 
tion.  On  problems  involving  a  large  amount  of  work,  a  re¬ 
quest  for  help  would  ordinarily  not  pass  from  individual  to 
individual  but  would  be  considered  by  the  section  heads 
and  department  heads.  Although  contacts  between  individ¬ 
ual  workers  should  be  as  informal  as  possible,  it  must  be 
emphasized  that  it  is  the  scientist’s  responsibility  to  keep 
his  superiors  informed  of  what  he  is  doing,  even  though  he 

is  given  permission  to  accept  certain  types  of  work  without 
specific  authorization. 

In  order  to  build  up  and  maintain  cooperation  at  the 
working  level,  the  individual  workers  must  know  what 
others  in  the  laboratory  are  doing  and  to  whom  they  should 
go  for  help.  This  knowledge  is  gained  over  a  period  of  time 
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but  can  be  encouraged  or  discouraged  by  the  rules  relating 
to  the  transmission  of  specific  information  about  research  or 
development  work.  Usually  the  only  restrictions  placed 
upon  the  distribution  of  information  are  in  fields  that  are 
important  for  commercial  reasons  and  in  which  adequate 
protection  cannot  be  secured  through  patents. 

Authorization  to  assist  other  groups  in  the  laboratory 
passes  progressively  to  higher  levels  as  the  work  involved 
increases.  In  many  cases,  when  a  program  is  outlined  and 
started,  there  is  a  clear  understanding  among  the  depart¬ 
ment  heads  as  to  what  is  involved  and  no  further  questions 
as  to  the  responsibility  of  the  different  departments  need 
be  referred  to  the  director.  This  situation  is,  of  course,  sub¬ 
ject  to  revision  as  the  work  progresses.  In  large  laboratories, 
the  department  heads  should  make  as  many  decisions  as 
possible,  but  the  director  should  define  the  limits  of  au¬ 
thority  which  he  expects  the  department  heads,  section 
heads,  and  group  leaders  to  assume  and  then  should  not 
interfere  within  these  limits. 


Chapter  XIII 


The  Transfer  of  Research  to  Production 


In  the  Preface  it  is  stated  that  the  emphasis  in  this  book 
is  directed  primarily  to  research  and  development  in 
manufacturing  companies  where  engineering  is  of  sec¬ 
ondary  importance.  For  this  reason,  the  part  of  the  engineer 
in  technological  development  is  not  stressed.  In  some  indus¬ 
tries,  e.g.,  in  communications,  transportation,  aeronautics, 
and  metallurgy,  the  engineer  plays  a  very  important  role  in 
the  commercial  application  of  the  results  of  experimental 
investigations.  The  research  and  development  groups  carry 
through  to  the  point  where  it  is  possible  to  specify  more  or 
less  precisely  the  conditions  that  must  be  met  in  operation, 
and  the  engineer  then  designs  the  equipment  and  systems  to 
meet  these  specifications.  In  many  cases,  the  engineer  or  en¬ 
gineering  physicist  plays  an  integral  part  in  the  research 
and  development  work  before  commercial  application  is  con¬ 
sidered.  In  others,  there  must  be  close  collaboration  between 
the  scientist  and  the  engineer  to  arrive  at  a  practicable  solu¬ 
tion  of  a  problem.  Most  manufacturing  departments  have 
engineering  staffs,  which  are  drawn  into  development  work 
on  new  products  or  processes,  but  their  activities  are  not 
specifically  discussed  in  this  chapter. 

The  systems  here  described  for  transferring  the  results  of 
research  and  development  work  to  production  are  not  always 
applicable,  but  the  observations  and  principles  given  for  this 
cooperative  work  are  probably  generally  relevant.  It  has 
been  emphasized  that  the  ultimate  objective  of  an  industrial 
research  laboratory  is  to  produce  commercially  usable  prod¬ 
ucts  or  processes.  It  is,  therefore,  extremely  important  that 
a  workable  system  be  set  up  between  the  laboratory,  manu¬ 
facturing  departments,  and  sales  department  for  translating 
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to  production  the  results  obtained  in  the  laboratory.  The 
effectiveness  of  this  cooperation  determines  to  a  consider¬ 
able  extent  the  success  of  the  laboratory. 

In  most  laboratories,  the  development  work  is  under  the 
same  over-all  supervision  as  the  research  work,  viz.,  the  re- 
seaich  director,  and  the  methods  for  controlling  develop¬ 
ment  work  from  within  the  laboratory  and  by  management 
aie  essentially  the  same.  Management  generally  exerts  more 
control  over  funds  to  be  used  for  development  work  than 
tor  research,  however,  and  in  many  laboratories  extensive 
development  programs  must  be  specifically  authorized 
by  company  management.  This  subject  is  discussed  in 
Chap.  XV. 

Ihe  Eastman  Kodak  Company  uses  a  system  for  author¬ 
izing  expenditures  for  development  programs  after  the 
laboratory  and  other  company  departments  decide  to  con¬ 
tinue  experimental  work  to  commercial  application.  The 
funds  are  not  included  as  part  of  the  annual  laboratory  re¬ 
search  budget,  but  a  special  request  for  them  is  made  by  the 
technical  group  which  is  to  do  the  work.  This  system  ensures 
that  the  laboratory  administration  and  company  manage¬ 
ment  assess  carefully  the  merits  of  development  programs 
which  are  to  lead  to  new  products. 

Relatively  few  difficulties  are  connected  with  the  transition 
from  basic  applied  research  to  early  development  because 
this  transition  takes  place  within  the  laboratory  and  is  un¬ 
der  the  control  of  the  research  director.  There  is  usually  no 
break  in  continuity  at  this  stage,  although  in  some  labora¬ 
tories  a  project  may  pass  from  one  department  to  another, 
e.g.,  from  a  research  division  to  a  development  division. 
During  the  various  phases  of  a  research  and  development 
program,  the  emphasis  usually  shifts,  so  that  the  amount 
of  work  done  by  different  individuals  or  groups  varies  more 
or  less  continuously.  In  most  laboratories  except  those  or¬ 
ganized  along  one  of  the  strictly  functional  lines  in  which 
research,  development,  and  pilot-plant  work  are  definitely 
segregated,  there  is  no  fixed  poliev  as  to  whether  the  re- 
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search  men  follow  through  into  the  development  phases  of 
a  program. 

As  pilot  plants  are  usually  expensive  to  build  and  cost 
much  more  than  research  sections  to  operate,  it  is  wise  to 
set  clearly  defined  objectives  for  them  at  the  beginning.  The 
objectives  may  be  to  demonstrate  the  practicability  of  a 
process  or  to  obtain  process  or  cost  data  or  to  design  and 
build  new  types  of  equipment.  As  soon  as  the  objectives 
are  reached,  the  pilot-plant  operation  should  be  discontin¬ 
ued,  because  there  is  a  tendency  for  men  in  charge  of  such 
development  work  to  continue  a  project  to  solve  interesting 
but  unimportant  problems  at  a  great  cost. 

The  particular  procedures  used  for  carrying  the  labora¬ 
tory  developments  into  production  depend  upon  the  tech¬ 
nical  facilities  and  the  size  of  staff  which  the  manufacturing 
departments  have  for  carrying  on  development  work.  As  is 
pointed  out  earlier,  in  many  large  companies  there  are  de¬ 
velopment  groups  which  report  to  the  manufacturing  de¬ 
partments.  In  these  companies,  transfer  from  the  laboratory 
to  the  plant  is  effected  by  turning  over  to  the  plant  groups 
the  results  of  the  laboratory  work,  either  by  direct  personal 
contact  between  representatives  of  the  two  groups  or  in  the 
form  of  quite  detailed  and  specific  written  information  and 
data.  Sometimes  one  or  more  members  of  the  laboratory 
staff  who  have  worked  on  the  problem  may  work  with  the 
plant  development  group  until  the  laboratory  results  are 
duplicated;  or,  on  the  other  hand,  a  representative  of  the 
plant  development  group  may  work  in  the  laboratory  to 
familiarize  himself  with  the  methods  and  results  obtained 

Inasmuch  as  the  practices  of  different  companies  vary 

somewhat  some  questions  put  to  the  directors  of  research 

of  a  number  of  laboratories  are  given  below,  with  the  an 
swerstothem:  1  e  an" 


When  development  reaches  the  stage  of  transition  to  pro¬ 
duction  how  is  transfer  effected?  Does  control  of  the  work 

For  this  group  of  questions  and  for  the  following  two  eroUm  ih.  i 
ignations  1,  2,  3,  4,  and  those  Mowing  refer  t0  tta 
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remain  with  the  development  group?  Are  the  men  who  have 
done  the  work  transferred  to  the  manufacturing  divisions? 
Do  the  manufacturing  departments  take  over  the  work  with 
their  own  staff? 

1.  Transition  from  development  to  production  is  effected 
smoothly  and  usually  quite  informally.  The  manufacturing  de¬ 
partments  control  the  work,  although  almost  always  the  labora¬ 
tory  men  actively  collaborate  by  following  the  work  going  on  in 
the  manufacturing  departments.  The  manufacturing  departments 
take  over  the  work  with  their  own  staffs. 

2.  Transition  is  effected  by  the  plant  development  depart¬ 
ments.  The  plants  control  the  transition. 

3.  Transition  is  frequently  effected  on  the  initiative  of  the 
operating  companies.  Sometimes  the  initiative  may  be  taken  by 
the  laboratory  with  the  approval  of  the  operating  companies.  The 
operating  group  controls  the  work  in  the  transition  stage.  The 
development  group  may  assist  the  operating  group  in  starting  the 
initial  plant.  The  men  who  have  worked  on  the  development  are 
in  general  not  transferred  to  the  manufacturing  division,  and  the 
manufacturing  division  takes  over  the  work  with  its  own  staff. 

4.  Transition  from  the  development  stage  to  production  is 
effected  by  placing  the  operation  in  the  hands  of  some  manufac¬ 
turing  division,  which  then  assumes  control.  The  laboratory  may 
find  it  advisable  to  follow  the  test  work  in  the  early  production 
stages  and  to  follow  the  methods  until  quality  and  procedures 
are  satisfactory.  When  this  point  is  reached,  control  is  transferred 
to  the  manufacturing  division.  In  some  cases  where  the  product 
or  process  has  originated  in  the  laboratory,  the  men  who  have 
carried  on  the  development  work  are  transferred  to  the  plant. 
This  practice  is  particularly  true  for  the  laboratory  assistants 
and  technicians  and  occasionally  for  the  senior  men. 

5.  Transition  is  effected  when  the  factory  is  satisfied  with  the 
product  as  the  laboratory  has  developed  it  and  the  laboratory  is 
satisfied  that  the  process  is  under  control.  At  the  same  time  the 
plant  takes  over  the  operation  that  has  been  set  up  and  run  in  the 
plant  under  laboratory  control.  In  the  preliminary  production, 
control  remains  with  the  laboratory  development  group.  When 
the  control  is  transferred,  men  are  sometimes  transferred,  some¬ 
times  not.  Senior  laboratory  men  are  seldom  transferred  to  the 
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plant.  Manufacturing  departments  take  over  with  their  own 
staffs. 

6.  The  development  group  cooperates  with  the  manufacturing 
group  and  remains  with  the  group  until  starting  difficulties  are 
overcome.  Then  control  of  the  work  passes  to  the  manufacturing 
group.  Men  who  have  done  the  development  work  are  frequently 
asked  to  remain  permanently  in  the  operating  group.  The  manu¬ 
facturing  group  and  the  development  group  cooperate  until  the 
plant  is  operating  smoothly.  Then  the  manufacturing  staff  takes 
over  completely.  If  the  operation  is  a  complex  one,  however,  one 
or  more  development  men  are  assigned  to  the  plant  but  still  report 
to  the  laboratory. 

7.  When  a  development  is  taken  over  by  a  works  laboratory, 
it  is  taken  over  completely,  and  the  research  laboratory  from  then 
on  acts  only  as  a  consultant.  The  works  laboratory  takes  over 
with  its  own  men. 

Research  laboratories  differ  in  the  stages  at  which  other 
company  departments  are  brought  into  touch  with  research 
and  development  programs  and  are  asked  to  collaborate. 
These  differences  are  shown  by  the  answers  to  the  specific 
questions: 


At  what  stage  in  research  and,  particularly ,  development 
work  are  the  manufacturing  and  sales  divisions  brought  into 
close  contact  with  problems  or  programs? 

1.  In  many  of  the  programs,  the  manufacturing  departments 
are  continuously  in  touch  with  the  research  and  development 
work  of  the  laboratory  through  regular  conferences,  and  the  man¬ 
ufacturing  departments  take  over  parts  of  the  work  whenever  it 
seems  desirable  The  sales  divisions  are  usually  not  in  close  touch 
with  the  development  programs  and  are  brought  in  only  after  a 
particular  development  has  reached  a  stage  where  it  is  almost 
ready  for  production  and  sale.  In  some  cases,  there  are  regular 
conferences  attended  by  representatives  of  research  sales  *  and 
production ;  these  conferences  review  only  specific  programs. 

2.  The  stage  depends  upon  whether  a  product  is  developed  for 
ternal  company  use  or  for  outside  sale.  Products  or  processes 

ear'lyTat  Thnte™nI  7  T  T™*1  °Wr  t0  the  plant  at  a  fairly 

early  stage.  The  products  developed  for  outside  sale  are  carried 
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much  further  in  the  central  laboratory  if  there  is  no  plant  set  up 
to  handle  the  later  development  stages. 

3.  The  manufacturing  and  sales  divisions  are  brought  into  con¬ 
tact  with  work  through  meetings  and  weekly  letters.  In  this  way, 
they  are  kept  in  contact  with  programs  of  work  from  their 
inception. 

4.  Production  divisions  are  made  familiar  with  particular  de¬ 
velopment  programs  when  work  has  progressed  to  the  point  where 
applications  appear  worth  exploiting  and  where  it  is  advisable  to 
ask  for  assistance  from  the  sales  department  in  order  to  consult 
possible  customers  about  the  product. 

5.  At  the  stage  where  production  possibilities  and  sales  interest 
are  under  discussion,  the  manufacturing  departments  are  brought 
into  contact  with  the  project.  In  addition,  the  sales  and  manufac¬ 
turing  departments  see  the  monthly  laboratory  reports. 

6.  When  the  work  passes  from  the  research  to  the  develop¬ 
ment  stage,  the  sales  and  manufacturing  divisions  are  brought 
into  contact  with  the  program. 

7.  Manufacturing  divisions  (and,  consequently,  sales)  are 
brought  into  close  contact  with  the  problems  and  programs  when 
a  works  laboratory  takes  them  over.  The  manufacturing  depart¬ 
ments  do  not  ordinarily  know  of  the  laboratory  developments 
until  the  time  for  transition  is  at  hand. 

At  what  stage  in  development  work  do  the  manufacturing 
divisions  collaborate  in  the  program ? 

1.  The  time  depends  upon  the  program  and  upon  the  location 
of  facilities  for  carrying  out  particular  operations.  Usually  the 
manufacturing  divisions  collaborate  with  the  laboratory  when  it 
has  been  clearly  demonstrated  that  a  program  will  probably  lead 
to  a  new  product  or  when  large-scale  experiments  are  needed  to 
evaluate  the  prospects  of  manufacturing  and  selling  the  product. 
The  stage  of  transition  depends  upon  the  effectiveness  and  will¬ 
ingness  of  the  manufacturing  departments  to  undertake  work. 
In  some  cases,  the  laboratory  operates  a  pilot  plant  prior  to 

transition.  .  . 

2.  The  laboratory  in  general  makes  the  decision.  On  ne 

things,  the  stimulus  must  frequently  be  provided  by  the  labors- 
tory. 
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3.  The  manufacturing  divisions  usually  do  not  collaborate  in 
the  development  work. 

4.  The  product  divisions  may  collaborate  at  any  time  during 
development  programs,  depending  upon  whether  or  not  manufac¬ 
turing  facilities  are  needed.  If  special  production  equipment  is 
needed,  product  divisions  are  made  aware  of  programs  so  that 
sufficient  time  is  allowed  for  the  plant  to  get  it  ready. 

5.  The  manufacturing  divisions  send  in  their  own  men  as 
observers  during  pilot-plant  operations  and  when  the  laboratory 
starts  production  in  the  plant. 

6.  The  manufacturing  divisions  collaborate  when  the  pilot- 
plant  stage  is  reached. 

7.  The  manufacturing  divisions  collaborate  with  the  labora¬ 
tory  when  development  reaches  a  stage  where  it  can  be  trans¬ 
ferred.  The  laboratory  is  always  anxious  to  transfer  development 
work  to  the  development  departments. 


Attention  is  directed  to  the  practice  of  the  Gulf  Oil  Com¬ 
pany  (Chapter  VIII,  page  172),  which  keeps  the  manufac¬ 
turing  and  sales  departments  in  constant  touch  with  the 
work  of  the  leseaich  laboratory  through  a  research  advisory 
committee,  so  that  the  manufacturing  divisions  collaborate 
in  the  research  programs  from  their  inception. 

The  problems  of  applying  the  results  from  a  small  labora¬ 
tory  are  theoretically  simple,  since  the  details  can  usually 
be  handled  by  the  research  director,  who  himself  deals  with 
the  manufacturing  executives.  To  establish  satisfactory  re¬ 
lations  with  the  manufacturing  executives,  the  director  may 
be  required  to  do  considerably  more  missionary  work  and 
se  >ng  than  is  needed  for  a  larger,  well-established  labora- 
tory  No  formula  can  be  given  to  guide  the  director  of  the 
smal  laboratory,  since  the  problems  presented  depend 
largely  upon  personalities.  However  he  solves  these  prob 

results  m  the  “1  of  ‘referring  the  laboratory 

suits  to  the  plant  are  theoretically  simple. 

temt  ‘S  °uV!°Uu  fr°m  the  prececling  discussion  that  the  svs- 
terns  used  to  bring  the  results  of  lqKnnot 

into  production  are  determjd ^ ^^1°“ 
organization  but  also  by  the  plant  organization.  £mhe- 
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less,  whatever  the  system,  the  ease  with  which  a  laboratory 
translates  its  work  into  production  is  in  a  very  large  meas¬ 
ure  dependent  upon  the  personalities  of  the  men  responsible 
for  working  with  the  manufacturing  departments.  Partic¬ 
ularly  until  a  research  laboratory  establishes  itself  firmly  by 
its  accomplishments  is  it  necessary  for  the  laboratory  direc¬ 
tor  and  his  staff  to  exercise  extremely  good  judgment  and 
common  sense  in  dealing  with  the  operating  and  manufac¬ 
turing  departments.  These  departments,  which  convert  the 
laboratory  results  into  profit  or  loss,  can  make  the  labora¬ 
tory’s  work  relatively  easy  or  difficult  by  their  attitude. 
Management  can,  of  course,  dictate  the  formal  course  to  be 
adopted  by  both  manufacturing  departments  and  labora¬ 
tory,  but  such  dictation  is  not  a  substitute  for  willing  and 
effective  cooperation. 

It  is  extremely  important  that  the  selection  of  the  heads 
of  laboratory  departments  concerned  largely  with  develop¬ 
ment  work  should  be  based  to  a  great  extent  on  their  ability 
to  stimulate  and  indoctrinate,  where  necessary,  the  plant 
groups;  at  the  same  time,  such  men  should  have  a  genuine 
understanding  of  the  plant  problems  and  requirements. 
This  understanding  between  laboratory  and  plant  cannot  be 
one-sided  if  effective  cooperation  is  to  be  enjoyed. 

Sometimes  a  product  developed  in  the  laboratory  is  so 
novel  to  the  company  that  there  is  no  manufacturing  depart¬ 
ment  adequately  experienced  or  staffed  to  take  over  pro¬ 
duction.  For  this  and  other  reasons,  such  as  general  lack  of 
interest  among  other  departments,  the  research  laboratory 
itself  must  sometimes  manufacture  the  item  for  sale.  Ex¬ 
amples  of  this  practice  have  been  cited  previously.  When  the 
commercial  success  of  the  product  is  assured,  there  is  usually 
little  difficulty  in  transferring  the  operations  to  the  manu¬ 
facturing  departments,  and  this  raises  the  question  as  to 
whether  the  staff  engaged  in  the  laboratory  production 
should  be  transferred  with  the  operation.  The  general  prac¬ 
tice  is  to  transfer  all  but  the  senior  staff;  this  relieves  the 
plant  departments  of  the  necessity  of  training  people  tor 
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the  new  production.  Every  effort  should  be  made  by  the 
research  director  to  get  rid  of  commercial  operations  as  soon 
as  possible  in  order  to  free  space  and  facilities  for  research 
and  development  work;  but,  at  the  same  time,  he  must  be 
sure  that  all  the  major  technical  problems  are  solved  before 
the  transfer.  If  the  plant  has  trouble  with  a  new  develop¬ 
ment  which  it  really  does  not  want,  it  will  be  much  more 
difficult  to  turn  over  to  it  subsequent  novel  laboratory 
processes. 


Chapter  XIV 
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The  results  of  experimental  work  must  be  reported 
systematically.  The  frequency  with  which  such  re¬ 
ports  are  made  depends  upon  the  urgency  of  the  prob¬ 
lem,  whether  it  is  short-range  or  long-range,  its  stage  of 
commercial  application,  and  other  factors.  In  general,  long- 
range  fundamental  research  problems  need  not  be  reviewed 
very  often,  since  there  is  little  question  of  cooperation  be¬ 
tween  different  laboratory  groups  and  the  scientists  doing 
the  work  need  little  guidance.  On  the  other  hand,  problems 
of  great  commercial  urgency  may  require  almost  day-to-day 
reporting  and  consultation  because  the  course  and  direction 
of  the  work  depend  directly  upon  the  results  of  each  experi¬ 
ment  or  series  of  experiments. 

Reports  may  be  either  verbal  or  written.  Verbal  reports 
may  be  presented  formally  or  informally  either  to  indi¬ 
viduals,  such  as  group  leaders,  section  heads,  department 
heads,  and  the  director,  or  at  conferences.  In  a  small  labora¬ 
tory,  the  director  can  follow  the  work  by  means  of  verbal 
reports  from  his  staff,  but  in  a  large  laboratory  this  is  not 
possible;  indeed,  as  the  sizes  of  separate  laboratory  groups 
increase,  it  is  frequently  difficult  for  even  a  department  head 
to  keep  in  close  touch  with  all  of  the  activities  of  his  de¬ 
partment.  The  director  and  each  of  the  department  heads 
must  set  up  some  means  of  adequately  reviewing  the 
problems.  This  is  one  of  the  major  responsibilities  of  the 
laboratory  supervision  and  must  not  be  neglected.  In  all 
laboratories,  a  certain  amount  of  work  should  probably  be 
discontinued  or  restricted,  and  only  by  continual  examina¬ 
tion  of  the  results  obtained  is  it  possible  to  decide  objectively 
what  should  be  done. 
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Although  the  scientists  in  a  research  laboratory  should 
frequently  discuss  their  work  with  their  group  leaders,  section 
heads,  department  heads,  and  the  director,  they  must  also, 
in  the  case  of  development  work,  report  their  experimental 
findings  to  all  the  groups  concerned  with  the  program  and, 
in  turn,  get  pertinent  information  obtained  by  others.  This 
can  be  done  conveniently  by  means  of  conferences  attended 
by  representatives  of  the  different  groups.  The  primary  pur¬ 
pose  of  such  conferences  can  be  merely  the  reporting  of 
experimental  results  or  the  guidance  and  direction  of  the 
experimental  programs. 

For  the  successful  conduct  of  conferences,  the  conference 
leader,  who  may  be  the  director,  a  department  head,  a  proj¬ 
ect  leader,  or  any  other  person  responsible  for  an  important 
phase  of  a  program,  should  be  carefully  chosen  and  qualified 
to  conduct  the  meeting.  In  his  book,1  Cooper  gives  a  number 
of  important  suggestions  and  guiding  principles,  but  he 
does  not  consider  a  type  of  conference  which  is  very  im¬ 
portant  in  connection  with  laboratory  work,  viz.,  that  of 
reporting  progress  and  discussing  work. 


Conferences  are  used  in  a  number  of  laboratories,  and  one 
type  is  illustrated  by  the  system  used  in  the  Kodak  Re¬ 
search  Laboratories.  Most  of  the  conferences  of  the  Labora¬ 
tories  deal  with  development  programs,  e.g.,  certain  types  of 
color  photography.  They  are  attended  by  members  of  the 
research  laboratory  staff  and  also  by  representatives  of  the 
manufacturing  departments  and,  in  some  cases,  of  the  sales 
department  Development  work  in  all  stages  of  application 
is  discussed,  although  many  of  the  discussions  relate  to 
problems  having  more  or  less  specific  commercial  objectives 
By  this  means  both  the  laboratory  groups  and  the  ma  in 
factoring  departments  are  informed  at  an  earlv  sf»  r 
possible  developments  which  will  concern  them  Since  th^ 
manufacturing  departments  take  over  some  i"  i  fhe 
problems  from  the  laboratory  at  a  relatively  elry“ 
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the  system  helps  their  development  groups  to  integrate 
their  efforts  with  the  laboratory  work;  it  also  assists  them 
in  planning  future  work  growing  out  of  laboratory  explora¬ 
tion.  At  such  conferences,  decisions  as  to  the  course  of  proj¬ 
ects  are  made  by  the  laboratory  and,  where  necessary, 
jointly  with  the  manufacturing  departments. 

At  least  10  regular  conferences  cover  different  kinds  of 
development  work.  They  concern  areas  of  investigation 
rather  than  specific  projects  and  include  such  fields  as  color 
photography,  gelatin  manufacture,  experimental  emulsion 
making,  and  graphic  arts.  Conferences  of  this  type  should  be 
scheduled  regularly  and  careful  notes  kept  of  the  discussion 
to  serve  both  as  a  record  of  what  has  been  done  and  as  agenda 
of  experimental  work  to  be  carried  on  in  the  different  groups 
represented. 

In  addition  to  regularly  scheduled  conferences,  there  are 
many  meetings  to  discuss  specific  projects  or  problems.  They 
are  attended  by  laboratory  members,  representatives  of  the 
manufacturing  departments,  and  representatives  of  the  sales 
and  executive  departments.  The  particular  composition  of 
a  conference  group  depends  upon  the  problems  to  be  con¬ 
sidered,  and  it  may  include  individual  laboratory  workers 
and  both  laboratory  and  other  company  executives.  Almost 
all  of  these  conferences  originate  in  the  laboratory;  a  few 
are  called  at  the  request  of  other  company  groups. 

Laboratory  conferences  are  also  scheduled  to  discuss  re¬ 
search  programs.  They  are  almost  always  confined  to  mem¬ 
bers  of  the  laboratory,  including  the  heads  of  departments 
and  sometimes  the  director.  The  meetings  usually  take  the 
form  of  reports  on  progress,  with  suggestions  about  methods 
and  objectives  being  made  by  those  attending.  Since  most 
research  work  is  long-range,  directing  and  guiding  programs 
are  not  generally  considered  at  such  confei  ences. 

The  research  director  and  the  senior  laboratory  staff  fre¬ 
quently  attend  both  research  and  development  conferences. 
Their  presence  is  important  for  two  reasons:  they  aie  t  us 
provided  with  a  relatively  easy  way  of  following  the  progress 
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of  work  in  different  fields,  and  the  interest  of  the  scientists 
is  stimulated  by  the  results  of  their  work  being  presented 
to  the  director  and  the  senior  staff.  Furthermore,  particu¬ 
larly  when  questions  of  policy  are  raised  in  connection  with 
programs  being  carried  out  jointly  by  the  laboratory  and 
other  company  departments,  the  director  can  often  make 
decisions  for  the  laboratory  and  thus  avoid  delays. 

In  many  laboratories,  a  research  laboratory  committee, 
consisting  of  the  director  and  department  heads,  meets  reg¬ 
ularly  to  consider  not  only  new  work  but  the  progress  of 
work  being  carried  on.  At  such  meetings,  matters  of  policy 
and  technical  direction  are  discussed  and  decisions  made. 

To  supplement  verbal  reports  and  conferences,  almost  all 
laboratories  use  a  system  of  written  reports  as  a  means  of 
keeping  a  record  of  all  work.  Two  types  of  written  reports 
are  commonly  used,  periodic  progress  reports  and  problem 
reports,  which  give  the  technical  details  of  problems. 

Progress  reports  are  usually  written  at  stated  intervals, 
weekly  or  monthly.  Usually  each  scientist  responsible  for  a 
given  problem  or  phase  of  a  program  briefly  summarizes  his 
work  or  that  of  his  group  by  stating  the  results  obtained  since 
his  preceding  report.  These  individual  reports  are  then 
turned  over  to  the  department  head,  who  may  edit  and  con¬ 
dense  them  to  make  up  a  departmental  report,  which  is  sub¬ 
mitted  to  the  director;  or  the  reports  themselves  may  be 
forwarded  to  the  director.  In  some  laboratories,  the  indi¬ 
vidual  reports  are  condensed  by  the  department  head,  who 
also  expresses  his  own  views  on  the  various  parts  of  the  ex¬ 
perimental  program;  such  reports  thus  express  the  official 
conclusions  of  the  department.  This  screening  relieves  the 
director  of  a  considerable  burden  of  reading  individual  re¬ 
ports,  but  it  has  the  disadvantage  that  individuals  do  not 
have  an  opportunity  to  present  to  the  director  their  own 
contributions,  suggestions,  and  points  of  view. 

The  necessity  for  written  progress  reports  depends  of 
course,  upon  the  amount  of  time  that  the  director  can  spend 
n  discussing  their  work  with  the  men  and  with  the  depart- 
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ment  heads.  They  also  serve  to  some  extent  as  a  written 
history  and  are  useful  for  reference  purposes.  In  small  labo¬ 
ratories  they  are  an  important  means  of  keeping  the  director 
informed.  The  directors  of  most  large  laboratories  ask  for 
monthly  progress  reports,  but  in  some  cases  reports  are  sub¬ 
mitted  weekly.  Their  length  depends  upon  the  frequency 
with  which  they  are  written  and  also  upon  the  amount  of 
technical  information  which  the  director  requires  to  evaluate 
and  survey  the  laboratory  work.  It  has  been  stated  by  the 
directors  of  a  number  of  laboratories  that  one  of  their  major 
problems  is  to  avoid  spending  too  much  time  in  reading 
reports — each  director  must  work  out  the  best  system  for 
himself. 

The  distribution  within  the  laboratory  of  the  progress  re¬ 
ports  written  by  individuals  and  department  heads  varies; 
in  some  laboratories  they  are  accessible  to  all  the  depart¬ 
ment  heads  and  senior  scientists,  whereas  in  others  they  are 
not  circulated  but  are  written  for  the  director  alone.  The 
necessity  for  circulating  progress  reports  to  the  individual 
workers  depends  upon  whether  other  types  of  written  re¬ 
ports  are  available  for  more  general  distribution. 

Although  it  is  generally  agreed  that  written  reports  are 
needed,  there  seems  to  be  a  feeling  in  many  laboratories 
that  report  writing  can  easily  be  carried  to  an  extreme.  This 
feeling  was  emphasized  during  the  intensive  development 
work  carried  on  for  military  purposes  in  recent  years.  In 
particular,  it  is  important  that  not  too  much  of  the  time 
of  the  senior  laboratory  staff  is  taken  from  their  scientific 
work  to  write  reports.  There  is  no  simple  solution  to  this 
problem,  but  an  effort  should  be  made  to  have  as  many 
details  as  possible  reported  informally  or  through  a  suitable 
system  of  conferences. 

In  most  laboratories,  the  director  or  one  of  his  staff  pre¬ 
pares  periodically  an  over-all  laboratory  report,  which  is 
sent  to  the  management  and  other  company  departments. 
Reports  of  this  type  usually  do  not  discuss  technical  details, 
nor  do  they  attempt  to  cover  all  the  laboratory  work.  They 
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give  the  status  of  the  more  important  laboratory  piogiams 
and  may  express  the  director’s  opinion  or  his  plans  for  con¬ 
tinuing  or  discontinuing  or  expanding  certain  types  of  work. 
The  precise  form  of  a  director’s  report  depends  upon  the 
methods  he  uses  for  verbally  discussing  the  laboratory  work 
with  the  other  company  executives. 

Some  caution  should  be  exercised  in  distributing  informa¬ 
tion  about  the  results  of  laboratory  work  to  groups  outside 
the  laboratory.  It  is  usually  unwise  to  send  out  much  tech¬ 
nical  information  on  problems  or  programs  whose  commer¬ 
cial  success  is  uncertain.  There  is  danger  that  individuals 
or  groups  in  the  company  will  become  either  overenthusias- 
tic  or  overpessimistic,  and  early  impressions  are  frequently 
difficult  to  eradicate. 

The  laboratory  must  be  allowed  to  carry  on  its  program 
without  undue  pressure  from  other  company  groups,  and 
constant  pressure,  particularly  by  the  sales  department,  to 
undertake,  intensify,  or  discontinue  work  must  be  avoided. 
The  director  should  have  the  privilege  of  determining  for  the 
laboratory  where  emphasis  should  be  placed  in  the  technical 


program,  and  he  should  express  his  opinion  about  the  spe¬ 
cific  commercial  possibilities  when  and  if  he  thinks  best.  It 
is  shortsighted,  however,  to  withhold  from  other  technical 
groups  in  the  company  information  that  they  need,  and  the 
results  of  technical  work  done  in  the  laboratory  must  be 
made  available  to  all  the  groups  within  the  company  which 
can  use  them.  For  this  reason,  a  system  should  be  set  up 
for  sending  needed  reports  outside  the  laboratory,  with 
proper  precautions  that  such  information  will  not  have  an 
undesired  influence  on  other  company  officials 
In  most  laboratories,  problem  reports  are  written  in  addi¬ 
tion  to  periodic  progress  reports.  They  correspond  roughly 
to  the  communications  published  in  scientific  or  technical 
journals.  The*  are  written  when  a  problem  has  been  com- 
pleted  or  has  reached  a  particular  stage  of  completion,  and 
they  descr.be  in  detail  the  scientific  and  technical  results 
They  serve  as  permanent  records  of  experimental  work  and 
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are  available  to  those  who  are  interested  in  their  technical 
contents,  either  in  connection  with  their  own  work  or  where 
work  along  the  same  or  related  lines  has  been  discontinued 
and  is  to  be  resumed.  The  form  of  such  problem  reports 
varies  from  laboratory  to  laboratory,  but  their  purpose  is 
to  state  the  problem  and  objectives,  to  summarize  previous 
results  obtained  in  the  laboratory  or  described  in  the  litera¬ 
ture,  to  present  experimental  methods  and  data,  and  to  give 
conclusions  and  suggestions  for  future  work.  Whatever  the 
particular  form  of  the  problem  reports,  a  well-defined  pro¬ 
cedure  for  their  preparation  should  be  established  and  fol¬ 
lowed  consistently  by  all  members  of  the  laboratory.  It  is 
very  useful  to  have  a  brief  abstract  circulated  to  members 
of  the  laboratory  and  others  to  acquaint  them  with  the  prob¬ 
lem,  so  that  they  can  examine  the  report  itself  if  they  wish. 
In  many  laboratories,  such  abstracts  are  compiled  and  dis¬ 
tributed  periodically  to  certain  members  of  the  scientific 
staff ;  other  members  may  see  copies  of  the  complete  prob¬ 
lem  reports  on  request. 

The  responsibility  for  handling  the  clerical  details  and  for 
circulating  abstracts  and  reports  may  be  given  to  the  labora¬ 
tory  library,  or  it  may  be  delegated  by  the  director  either 
to  a  special  group  or  to  a  staff  assistant.  Specific  recommen¬ 
dations  as  to  the  form  or  style  of  laboratory  reports  are  given 
in  a  number  of  articles.2  Excerpts  from  the  instructions  for 
report  writing  which  are  issued  to  members  of  the  research 
laboratory  of  the  Eastman  Kodak  Company,  however,  may 
be  interesting  as  descriptive  of  one  type  of  report: 

2  Mees,  C.  E.  K.,  "The  Organization  of  Industrial  Scientific  Research,” 
1st  ed.,  McGraw-Hill  Book  Company,  Inc.,  New  York,  1920.  Gray, 
Dwight  E.,  Research  Reports— Their  Form  and  Usefulness,  Proceedings 
of  the  Conference  on  Administration  of  Research,  Pennsylvania  State 
College  Bulletin,  Tech.  Bull.  29,  Oct.  6-7,  1947.  Poulter,  T.  C.,  "The 
Preparation  of  Reports,”  seminar  in  Management  of  Research,  Armour 
Research  Foundation  of  Illinois  Institute  of  Technology,  Chicago,  Sept. 
25,  1946-Dec.  11,  1946.  Wall,  Florence  E.,  The  Essentials  of  a  Goot 
Report,  Journal  of  Chemical  Education,  24.129,  1947. 
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Laboratory  reports  are  part  of  the  permanent  records  of  the 
laboratory,  and  this  fact  must  be  kept  in  mind  when  they  are 
written.  A  report  should  be  written  as  soon  as  a  problem  has  been 
brought  to  a  definite  conclusion  or  when  one  of  its  phases  has  been 
completed.  Since  a  report  may  be  read  by  scientists  who  do  not 
have  the  specialized  knowledge  of  the  writer  in  his  subject,  an 
effort  must  be  made  to  see  that  the  descriptive  terms  used  are 
clear,  not  only  to  present-day  readers  but  to  future  readers  and 
to  associates  in  foreign  countries.  Descriptive  terms  should  not 
be  used  at  the  expense  of  scientific  accuracy. 

Whenever  consistent  with  the  type  of  work  done,  a  report 
should  be  divided  into  six  parts,  as  follows:  (1)  summary,  (2) 
object  of  the  work,  (3)  review  of  previous  work,  (4)  description 
of  experimental  work,  (5)  discussion  and  interpretation  of  re¬ 
sults,  and  (6)  conclusion.  The  summary  should  enable  the  reader 
to  grasp  the  important  features  of  the  work  without  requiring 
that  he  read  the  complete  report;  it  should  include  brief  state¬ 
ments  of  the  objective,  nature,  scope,  and  results  of  the  experi¬ 
ments.  The  section  on  the  object  of  the  work  should  include, 
where  this  applies,  the  name  of  the  individual  or  department 
inside  or  outside  the  research  laboratory  requesting  the  work. 
The  review  of  previous  work  should  include  full  and  exact  refer¬ 
ences  to  any  publication  or  report  containing  pertinent  informa¬ 
tion.  The  description  of  the  experimental  work  should  be  a  con¬ 
nected  account  of  the  procedures  followed  and  of  the  results 


obtained;  the  experiments  should  generally  be  described  in  chrono¬ 
logical  order,  and,  where  necessary,  the  reasons  should  be  stated 
for  pursuing  the  work  in  any  particular  direction  so  that  it  is  pos¬ 
sible  for  another  worker  to  repeat  or  continue  it.  The  discussion 
of  the  results  should  be  short  or  long,  depending  upon  the  nature 
of  the  work;  for  example,  a  report  of  results  of  routine  tests  calls 
for  little  or  no  comment,  whereas  a  study  of  complicated  reac¬ 
tions  may  justify  a  lengthy  discussion.  The  conclusion  is  a  con¬ 
cise  statement  which  the  writer  feels  justified  in  making  after 
considering  the  results ;  it  is  usually  a  simple  direct  answer  to  the 
question  implied  from  the  definition  of  the  objective  of  the  work. 

the  experimental  work  does  not  warrant  any  conclusions  being 
drawn  a  statement  should  be  made  to  this  effect,  including  the 
lines  along  which  further  work  is  required. 
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Naturally,  it  is  expected  that  the  laboratory  reports  will 
be  legibly  written  and  that  accepted  rules  of  grammar  and 
composition  will  be  followed.  It  is  important  from  the  patent 
standpoint  that  reports  be  dated  and  signed,  and  they  should 
include  references  to  notebooks  or  other  records  in  which 
original  data  are  found. 

At  the  time  a  report  is  ready  for  approval,  a  list  is  com¬ 
piled  indicating  those  to  whom  copies  should  be  sent.  After 
a  report  is  prepared  and  approved  by  a  department  head, 
it  is  sent  to  the  director  for  his  approval  of  the  subject 
matter  and  of  the  circulation  list  and  then  to  the  staff  group 
responsible  for  the  report  system.  A  member  of  this  group 
assigns  a  serial  number  to  the  report,  prepares  an  abstract, 
classifies  the  subject  matter  according  to  the  Universal 
Decimal  System,  and  returns  the  report  to  the  originating 
department,  which  then  distributes  it  to  those  on  the  ap¬ 
proved  list. 

The  distribution  of  both  progress  and  problem  reports 
outside  of  the  laboratory  varies.  In  some  laboratories,  copies 
of  progress  reports  &re  distributed  rather  widely  to  the 
manufacturing,  sales,  and  patent  departments,  whereas  in 
others  there  is  no  such  circulation.  The  problem  reports  are 
more  widely  circulated  either  immediately,  i.e.,  upon  issu¬ 
ance  of  the  report  in  accordance  with  the  recommendations 
of  the  department  heads  and  the  director,  or  later.  Usually 
the  abstract  lists  are  sent  to  departments  outside  of  the 
laboratory,  and  requests  to  examine  individual  reports  are 
approved  either  by  the  department  head  or  the  director. 

Although  different  systems  may  be  used  for  wTriting  and 
distributing  problem  reports,  it  should  be  clearly  kept  in 
mind  that  the  main  object  is  to  provide  a  means  by  which 
the  scientists  who  need  information  to  carry  on  their  work 


can  get  it  with  a  minimum  of  delay  and  red  tape.  On  the 
other  hand,  laboratory  workers  should  not  be  required  to 
spend  time  reading  reports  not  concerned  with  their  work. 
Judgment  on  the  part  of  the  laboratory  administration  and 
department  heads  can  prevent  this  happening.  The  scien- 
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tists  in  the  laboratory  may  be  assumed  to  have  sufficient 
training  to  realize  the  importance  of  learning  what  has  been 
done  relative  to  their  own  problems,  and  it  is  usually  suf¬ 
ficient  for  them  to  know  what  reports  are  available  and  to 
have  access  to  them. 

For  reasons  of  morale,  the  publication  of  their  scientific 
results  is  very  important  to  scientists  engaged  in  funda¬ 
mental  research.  If  publication  is  effected  through  the  me¬ 
dium  of  periodicals  alone,  such  disclosure  to  others  is,  of 
course,  without  the  reward  offered  by  publication  through 
the  medium  of  patents.  Most  laboratories,  therefore,  make 
it  a  general  practice  to  publish  the  results  of  their  work 
either  in  periodicals  or  by  means  of  patents.  The  decision 
as  to  which  course  to  take  is  a  matter  of  laboratory  and  com¬ 
pany  policy  and  naturally  depends  upon  the  patentability 
of  the  subject  matter. 


An  incidental  but  important  benefit  derived  from  publish¬ 
ing  scientific  papers  is  that  of  establishing  a  reputation  for 
the  laboratory  among  scientists.  A  liberal  publication  policy 
is  attractive  to  scientific  men,  and  the  best  way  to  advertise 
this  policy  and,  at  the  same  time,  to  illustrate  the  types 

of  work  being  done  in  the  laboratory  is  by  publication  in  the 
scientific  press  or  in  patents. 


Publication  can  be  in  both  the  scientific  press  and  in  pat¬ 
ents,  but  m  such  case  it  is  advisable  to  file  the  application 
for  a  patent  before  releasing  the  subject  matter  to  a  journal 
so  as  not  to  endanger  the  inventor’s  right  to  a  patent,  espe- 
ally  m  foreign  countries,  because  of  prior  publication  Prior 
publication  by  1  day  will  defeat  an  inventor’s  right  to  a 
patent  in  many  foreign  countries,  but  in  the  United  States 
prior  publication  must  be  for  at  least  1  year  to  nnllif  ti 
inventor’s  right.  Generally,  the  inventor’s  right  i  lt 
would  be  protected  if  his  United  States  patent  ,-P  * 

were  filed  and  publication  of  the  same  s'  S  matter  oc 

ne"  ay  U  ~  Z 
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foreign  patent,  the  inventor’s  foreign  application  must  be 
filed  under  the  International  Convention,  i.e.,  within  12 
months  of  the  date  of  filing  of  the  inventor’s  United  States 
patent  application.  A  “non-Convention”  application  could 
not  be  filed  under  such  circumstances  in  many  foreign 
countries. 

The  directors  of  almost  all  successful  large  laboratories 
encourage  the  publication  of  scientific  results,  but  for  some 
laboratories  publication  may  be  rendered  difficult  by  the 
complexity  of  the  industrial  organization. 

It  is  desirable  for  all  subject  matter  intended  for  publi¬ 
cation  to  be  approved  solely  by  the  officer  of  the  company 
in  charge  of  research  and  development,  rather  than  the  re¬ 
sponsibility  of  approval  being  delegated  to  a  number  of 
representatives  of  different  departments  of  the  company. 
The  officer  should  approve  publication  only  after  ascertain¬ 
ing  whether  or  not  the  subject  matter  represents  a  worthy 
contribution  to  science  or  technology.  Likewise,  he  should 
not  approve  publication  in  a  periodical  until  he  has  ascer¬ 
tained  whether  or  not  the  inventor’s  right  to  patent  has  been 
properly  considered. 

The  method  of  publication  of  laboratory  results  varies 
considerably.  A  number  of  laboratories  publish  their  own 
bulletins,  either  as  separate  papers  or  as  volumes  of  col¬ 
lected  papers.  Others  publish  in  the  scientific  and  technical 
journals,  according  to  the  subjects  dealt  with.  Naturally, 
the  most  satisfactory  method  of  publication  depends  to 
some  extent  on  the  nature  of  the  work  published  and  the 
character  of  the  laboratory.  In  the  case  of  a  purely  technical 
laboratory  publishing  a  large  number  of  papers  on  one  spe¬ 
cial  technical  subject,  the  method  of  publishing  separate 
bulletins  mailed  directly  to  a  selected  list  of  those  interested 
may  be  quite  satisfactory.  If  the  publications  of  a  laboratoiy 
cover  a  large  range  of  subjects,  it  would  seem  to  be  piefer 
able  to  publish  each  paper  in  the  journal  that  deals  with 
the  department  of  science  most  akin  to  that  of  the  subject, 
otherwise,  there  is  grave  danger  that  the  paper  will  e 
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missed  by  the  abstract  journals  and  be  overlooked  alto¬ 
gether.  In  any  case,  the  publication  of  single  bulletins  in¬ 
creases  the  burden  of  any  investigator  engaged  in  compiling 
a  bibliography  of  a  subject. 

The  Kodak  Research  Laboratories  publish  their  work  un¬ 
der  the  name  of  Scientific  Communications  in  the  appropri¬ 
ate  scientific  journals,  the  publications  being  edited  by 
the  laboratory  editorial  department.  The  editor  abridges 
the  communications  and  prepares  annually  a  volume  of 
“Abridged  Scientific  Communications.”  These  volumes  are 
distributed  throughout  the  company  and  are  sent  to  scien¬ 
tific  libraries  throughout  the  world.  They  are  of  great  use 
to  students  preparing  bibliographic  surveys  of  photographic 
science. 


In  addition  to  publishing  papers,  the  workers  in  a  research 
laboiatory  should  certainly  be  encouraged  to  summarize,  in 
the  form  of  books,  the  work  done  over  considerable  periods 
of  time.  The  most  valuable  books  are  those  written  by  ac¬ 
tual  woikers,  and  although  it  is  difficult  to  persuade  a  man 
engaged  in  practical  research  work  to  write  a  book  on  his 
work,  it  is  well  worth  the  time  he  spends  on  the  task  if  a 
good  account  of  the  whole  of  the  work  can  be  obtained. 

Nearly  all  companies  seek  by  means  of  patents  to  protect 
the  important  patentable  results  of  the  research  and  develop¬ 
ment  work  done  in  their  laboratories  or  other  departments. 
Much  of  the  research  carried  out  does  not  result  in  patent- 
a  e  subject  matter,  but  the  results  may  be  important  from 
a  scientific  standpoint  and  should  be  published  promptly  in 
the  scientific  press.  1 

The  principal  purpose  of  securing  patents  is  to  protect 

"Lted  on' T  “Y*  ^  unta  ^equate  reC is 
e  -yed  on  the  cost  of  the  research  leading  to  the  products 

and  processes  The  exploitation  of  patents  by  licensing 

Others  is  of  manor  importance  to  most  companL  Tfew 

patents  wic,eiy  ^  t0  tCoZ- 

ties  from  such  licenses  as  a  substantial  source  of  income 
pany  patent  policy  does  not  determine  to  any  appre- 
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ciable  extent  the  research  and  development  programs  and 
methods  used  in  industrial  laboratories.  The  patent  depart¬ 
ments  of  most  companies  which  have  research  laboratories 
almost  never  suggest  experimental  work  except  that  re¬ 
quired  to  provide  examples  for  patent  applications  to  illus¬ 
trate  adequately  the  scope  of  the  application. 

Basic  research  programs  should  not  be  hindered  by  undue 
attention  to  the  patent  structure  in  the  field  of  investiga¬ 
tion.  The  purpose  of  such  basic  research  is  to  study  the 
fundamental  behavior  and  properties  of  systems  and  to  do 
so  without  restrictions.  More  attention  is  naturally  paid  to 
patents  bearing  on* applied  development  problems,  but  gen¬ 
eral  studies  are  often  made  without  restriction  because  it  is 
not  possible  to  predict  the  course  which  a  development  pro¬ 
gram  will  take. 

Many  companies  have  a  policy  of  securing  extensive  pat¬ 
ent  protection,  and  some  patent  every  invention  of  im¬ 
portance  for  the  reason  that  it  is  impossible  to  predict  the 
future  value  of  an  invention.  Even  though  patents  may  be 
of  little  present  usefulness,  the  chance  that  at  some  later 
time  restrictions  may  be  placed  upon  a  company  by  its 
failure  to  protect  its  discoveries  adequately  is  sufficient  to 
justify  the  work  and  expense  of  obtaining  protection. 

Almost  all  large  companies  have  their  own  patent  depart¬ 
ments,  which  are  responsible  to  the  legal  vice-president,  to 
the  secretary,  or  to  the  president.  Smaller  companies  usually 
employ  a  legal  firm  which  specializes  in  patents.  Almost 
never  is  the  patent  department  a  part  of  the  laboratory, 
although  this  may  be  the  case  where  the  experimental  de¬ 
partments  are  organized  as  a  separate  company  to  serve  a 

group  of  operating  divisions. 

The  director  of  the  research  laboratory  is  frequently  re- 
sponsible  for  keeping  the  patent  department  informed  of 
useful  patentable  inventions  made  in  the  laboratory.  In 
some  laboratories,  one  individual  or  a  small  group  is  assigned 
the  job  of  acting  as  liaison  on  patent  matters;  frequently, 
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the  department  heads  are  required  to  initiate  and  follow 
up  contacts  with  the  patent  department  on  matters  relating 
to  the  work  of  their  groups.  In  at  least  one  case,  the  com¬ 
pany  patent  department  is  responsible  for  following  the 
technical  work  of  the  laboratory  and  for  seeing  that  patent 
applications  are  initiated;  the  patent  department  receives 
the  progress  and  technical  reports  of  the  laboratory  and  by 
this  means,  supplemented  by  personal  contact  between  one 
of  its  representatives  and  the  laboratory  staff,  keeps  itself 
informed. 

A  definite  system  should  be  set  up  to  ensure  that  satis¬ 
factory  contact  is  maintained  between  the  laboratory  and 
the  patent  department.  It  is  important  that  information 
and  recommendations  should  reach  the  patent  department 
before  publication  in  a  periodical  and  well  before  any  com¬ 
mercial  use  for  profit  is  made.  The  laboratory  should  provide 
whatever  information  is  needed  for  the  prosecution  of  pat¬ 
ent  applications. 


Laboratories  vary  widely  in  their  procedures  for  referring 
the  lesults  of  the  laboratory  work  for  patent  consideration. 
A  study  of  a  number  of  laboratories  shows  that  responsi¬ 
bility  for  such  reference  normally  is  left  to  individuals  and 
to  department  heads.  An  individual  presents  a  description 
of  his  invention  to  the  head  of  his  department,  who  refers 
it  to  the  director,  and  he  in  turn  either  passes  it  on  or  de¬ 
cides  that  the  matter  does  not  warrant  further  consideration 
The  inventor  is,  of  course,  told  what  action  has  been  taken. 

In  a  large  laboratory,  a  member  of  the  director’s  staff 
may  be  assigned  to  the  control  of  all  information,  the  super¬ 
vision  of  publications,  the  circulation  of  reports,  and  the 
ransfer  of  material  to  the  patent  department.  Such  an  offi- 
cia  can  be  of  great  value  in  the  work  of  the  laboratorv 
and  can  relieve  the  director  of  much  detail.  7 

The  director  should  be  kept  informed  of  action  contem 
plated  or  taken  by  the  patent  department  in  connection  with 
technical  matters  of  commercial  importance.  Since  much  of 
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the  work  of  the  patent  department  originates  in  the  labora¬ 
tory,  the  director  should  assess  at  least  roughly  the  relative 
importance  of  the  inventions,  give  advice  as  to  what  patent 
applications  appear  to  be  required  to  protect  the  interests 
of  the  company  in  any  particular  case,  and  indicate  any 
urgency  for  filing  which  may  have  arisen  because  commer¬ 
cial  use  of  the  invention  for  profit  has  already  begun  or  for 
other  reasons.  These  decisions  can  be  made  satisfactorily 
only  if  the  director  has  set  up  means  by  which  he  can  keep 
himself  informed.  It  should  be  observed  that  in  the  United 
States  commercial  use  for  profit  for  a  period  of  more  than 
1  year  prior  to  the  filing  of  a  patent  application  defeats  the 
inventor’s  right  to  a  patent,  and,  in  any  event,  the  law 
requires  that  an  inventor  make  application  for  his 
patent  reasonably  promptly  after  completion  of  the  inven¬ 
tion. 

Final  decisions  about  applying  for  patents  are  usually 
made  either  by  the  research  director  or  by  a  committee  rep¬ 
resenting  company  management,  the  laboratory,  and  the 
patent  department.  In  some  companies,  however,  the  patent 
department  makes  the  ultimate  decision,  and,  in  any  event, 
the  decision  of  the  patent  department  as  to  whether  or  not 
any  particular  subject  matter  is  legally  patentable  should  be 
final.  Whatever  the  system  used  for  arriving  at  decisions 
about  applying  for  patents,  the  director  must  make  definite 
recommendations  as  to  the  probable  value  of  patentable 
inventions. 

In  drawing  up  patent  applications,  the  patent  department 
almost  always  works  in  close  consultation  with  the  research 
men  who  have  done  the  work.  If  an  individual  has  been 
assigned  to  follow  the  patent  work  of  the  laboratory,  he  will 

arrange  and  follow  the  consultation. 

There  is  also  much  variation  among  laboratories  as  to 
when  in  the  development  of  a  patentable  idea  it  is  referred 
to  the  patent  department.  If  a  staff  official  is  in  charge,  e 
would  follow  the  idea  from  its  first  mention  by  the  mven  or 
but  in  most  laboratories  ideas  are  refeired  to  t  e  pa 
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department  only  when  they  have  evolved  into  practical  in¬ 
ventions,  and  sometimes  not  until  commercial  development 
is  considered. 

One  system  of  initiating  patent  applications  is  illustrated 
by  the  procedure  used  in  the  Kodak  Research  Laboratories. 
The  individual  describes  the  invention  and  gives  pertinent 
experimental  data  on  an  invention  report  form,  which  is 
dated,  signed  and  witnessed  and  then  forwarded  to  the  de¬ 
partment  head  for  approval.  If  approved,  it  is  sent  to  the 
director  for  his  decision  as  to  whether  or  not  it  should  be 
referred  to  the  patent  department  for  action.  A  second  form 
accompanying  the  invention  report  states  the  opinion  of  the 
laboratory  as  to  the  relative  importance  of  the  invention  and 
the  status  of  the  experimental  work  relating  to  it. 

A  system  of  using  forms  appears  to  be  followed  in  most 
laboratories,  although  in  some  the  director  does  not  see  the 
memoranda  before  they  are  sent  to  the  patent  department 
for  action.  Several  companies  have  a  patent-committee 
meeting,  attended  by  representatives  of  the  laboratory,  the 
patent  department,  and  some  of  the  operating  departments, 
who  assess  the  importance  of  inventions  and  make  final 
recommendations  about  filing  patent  applications.  When 
the  patent  department  has  made  its  preliminary  examina¬ 
tion  as  to  patentability,  it  usually  informs  the  laboratory 
of  its  findings  and,  if  further  experimental  work  is  required, 
recommends  that  it  be  done.  If  the  decision  of  the  patent 
examiner  is  adverse,  the  patent  department  may  ask  the 
laboratory  whether  or  not  an  attempt  should  be  made  to 
prosecute  the  matter  further  or  ask  for  advice  on  restricting 
the  scope  of  the  patent  application.  When  a  patent  is  issued^ 
the  laboratory  is  again  informed  and  copies  of  the  patent 
are  sent  to  those  concerned. 

It  IS  important  for  original  records  of  research  and  de¬ 
velopment  work  to  be  kept  carefully  to  provide  satisfactory 
legal  evidence  m  connection  with  patent  applications  and 
possible  patent  suits.  Records  of  experimental  work  are 
usually  kept  in  bound  notebooks  having  consecutively  num- 
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bered  pages.  Each  page  of  the  notebook  is  dated,  signed,  and 
witnessed  regularly,  preferably  each  day.  These  notebooks 
not  only  record  experimental  work  but  also  serve  to  record 
original  ideas.  This  practice  appears  to  be  quite  general.  In 
some  laboratories,  a  separate  notebook  is  kept  for  each 
project,  but  more  generally  a  notebook  is  assigned  to  an 
individual  and  used  to  record  the  results  of  all  investigations 
made  by  him.  Laboratory  notebooks  no  longer  of  current 
use  are  usually  filed  in  a  central  filing  room.  In  some  labora¬ 
tories,  these  notebooks  are  stored  for  a  definite  period,  after 
which  microfilm  copies  are  made  and  the  originals  destroyed. 
It  should  be  observed,  however,  that,  even  though  an  inven¬ 
tor  carefully  performs  work,  conscientiously  records  the  re¬ 
sults,  signs  and  dates  the  record,  and  subsequently  has  the 
signed,  dated  record  competently  witnessed,  the  record  is  not 
adequate  evidence  of  reduction  to  practice  by  the  inventor 
in  a  patent-interference  proceeding.  Further  adequate  evi¬ 
dence  corroborating  the  inventor  is  needed.  Such  compe¬ 
tently  witnessed  records  are,  nevertheless,  important  in  con¬ 
nection  with  establishing  evidence  of  conception  by  the 
inventor. 

Every  research  laboratory  should  have  an  adequate  library 
for  the  scientific  staff.  A  scientist  can  no  more  carry  on  effec¬ 
tive  research  without  referring  to  the  work  that  has  been 
done  by  others  than  he  can  perform  the  physical  research 
operations  with  inadequate  tools  and  equipment.  A  library 
has  been  compared  to  a  storage  battery  of  great  capacity  : 
if  the  store  of  accumulated  knowledge  is  properly  used,  it 
will  save  a  great  deal  of  experimental  work.  The  primary 
purpose  of  a  library  is  therefore  to  make  available  informa¬ 
tion  needed  by  the  research  workers.  It  usually  serves  as  a 
source  of  technical  information  for  the  whole  company,  and 
other  departments  call  upon  it  for  assistance  and  infor¬ 
mation. 

Some  of  the  usual  functions  of  a  research  library  are  to 
prepare  abstracts  of  scientific  and  technical  articles,  to  pre¬ 
pare  bibliographies  and  to  make  literature  searches  for  the 
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laboratory  staff.  The  extent  of  such  service  varies  consider¬ 
ably  in  different  laboratories.  The  practice  seems  to  depend 
upon  the  research  director’s  view  of  the  benefit  that  the  re¬ 
search  men  themselves  derive  from  making  their  own  litera¬ 
ture  searches.  Some  successful  laboratories  require  the  scien¬ 
tists  to  do  almost  all  of  their  literature  searches;  others 
provide  a  moderately  extensive  service  of  this  type.  Most 
libraries  are  prepared,  however,  to  make  such  literature 
searches  at  the  request  of  the  research  director  or  the  senior 
staff.  The  practices  of  the  different  laboratories  concerning 
the  preparation  of  bibliographies  by  the  library  vary  also, 
but,  in  general,  this  service  is  provided  to  some  extent. 

The  staffs  of  most  laboratory  libraries  do  not  assist  in 
editing  material  for  publication  except  to  check  references. 
The  library  staff  usually  has  no  responsibility  for  laboratory 
reports  except  in  some  cases  to  file  such  reports  and  to  circu¬ 
late  them  by  the  system  used  to  circulate  library  books. 
Some  libraries  prepare  and  circulate  periodically  a  list  of 
titles  of  laboratory  reports. 

The  libraries  of  most  large  laboratories  are  prepared  to 
make  translations  of  scientific  articles  for  the  technical  staff, 
since  outside  services  by  translators  unfamiliar  with  the  spe¬ 
cial  scientific  subjects  are  not  very  satisfactory.  In  some 
smaller  laboratories,  the  library  makes  arrangements  to 
have  such  translations  made.  The  libraries  of  research  labo¬ 
ratories  almost  never  have  any  direct  connection  with  pat¬ 
ents  except  to  maintain  files  of  issued  patents. 

The  research  laboratories  of  some  industrial  companies 
are  required  to  build  up  extensive  scientific  and  technolog¬ 
ical  libraries  because  of  the  specialized  nature  of  the  scientific 
work.  For  example,  the  library  of  the  Kodak  Research  Labo¬ 
ratories  contains  probably  the  largest  collection  in  the  world 
of  scientific  and  technological  books  on  photography.  Other 

laboratories  in  special  industries  must  have  extensive  li¬ 
braries. 

The  size  of  the  library  staff  depends,  of  course,  upon  the 
number  of  scientific  workers  in  the  laboratory.  For  a  labora- 
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lory  employing,  say,  300  technical  persons,  the  average 
gi  oup  consists  of  a  librarian  and  four  assistants.  For  smaller 
laboratories  the  librarian  may  be  expected  to  handle  almost 
all  of  the  work  alone  or  may  have  one  assistant.  The  amount 
of  help  required  depends  upon  how  much  service  the  library 
provides  and  also  upon  whether  the  library  circulates  books 
and  periodicals  or  serves  simply  as  a  reference  library  from 
which  no  books  or  periodicals  are  withdrawn. 

For  a  number  of  moderately  large  laboratories,  the  annual 
cost  of  the  library  per  professional  technical  man  averages 
about  $200.  The  library  costs  are  usually  charged  to  over¬ 
head. 

The  number  of  nonperiodical  bound  volumes  in  different 
research  libraries  varies  considerably,  but  for  some  inter¬ 
mediate  and  large  laboratories,  this  number  ranges  from 
3,000  to  as  high  as  7,000.  The  number  of  periodicals  regu¬ 
larly  received  by  these  libraries  varies  from  100  to  400,  the 
average  being  about  250. 

Many  research  libraries  have  some  form  of  microfilm  or 
document-reproduction  service  and  furnish  the  laboratory 
staff  with  copies  of  articles.  It  is  customary  for  research 
libraries  to  obtain  microfilm  copies  of  documents  through 
various  exchange  channels,  and  many  have  microfilm  readers 
for  the  convenience  of  the  staff. 

In  starting  plans  for  a  research  library,  the  location  of 
the  laboratory  will  necessarily  influence  the  size.  If  it  is  near 
a  university  or  large  public  library  or  near  other  industrial 
concerns  having  special  libraries  which  supplement  the  in¬ 
terests  of  the  organization,  the  collection  can  be  limited 
strictly  to  the  basic  interests  of  the  company.  Good  inter- 
library  relations  should  be  established,  since  without  loan 
facilities  a  larger  collection  is  needed.  The  library  should, 
of  course,  be  as  accessible  as  possible;  adequate  space  is 
long-run  economy. 

The  initial  purchases  should  include  a  minimum  of  text¬ 
books  and  popular  scientific  books  and  a  maximum  of  source 
books — first  of  all,  adequate  reference  books  in  the  genera 
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field  as  well  as  in  the  specific  and  related  fields.3  In  general, 
reference  material  and  abstract  journals  are  kept  perma¬ 
nently  in  the  library. 

Expansion  will  be  in  the  wider  purchase  of  books  in  the 
specific  field  of  interest,  books  covering  the  history  and  de¬ 
velopment  of  the  field  supplemented  by  the  best  current 
material  in  the  allied  fields  of  interest.  These  books  should 
be  free  to  circulate  as  widely  as  possible.  Duplicate  copies 
of  many  books  loaned  temporarily  to  a  department  are  pre¬ 
ferred  to  permanently  assigned  departmental  copies;  inter¬ 
ests  are  constantly  shifting,  and  material  of  value  to  one 
department  one  year  may  be  of  more  value  to  another  de¬ 
partment  another  year.  It  is  difficult  to  build  a  working- 
library  where  small  departmental  collections  have  been  in 
existence  for  a  long  time,  as  department  heads  are  loath  to 
part  writh  any  material.  On  the  other  hand,  departments  not 
situated  within  easy  walking  distance  from  the  main  library 
may  need  small  collections  for  their  own  use. 

One  company  may  wish  to  combine  patent  and  library 
work;  another  to  combine  the  business  and  research  field. 
The  former  will  require  more  historical  material  and  longer 
luns  of  periodicals;  the  latter  will  place  more  emphasis  on 
trade  literature.  The  current  journals,  in  every  case,  will 
still  remain  the  most  valuable,  most  used  part  of  the  library. 
E.  Lancaster- Jones  discusses  the  periodical  literature.4  The 


3  Crane,  E.  J.,  and  A.  M.  Patterson,  “A  Guide  to  the  Literature  of 
Chemistry,”  John  Wiley  &  Sons,  Inc.,  New  York,  1927.  Parke  N  G  III 
“Guide  to  the  Literature  of  Mathematics  and  Physics,  Including  Related 
Works  on  Engineering  Science,”  McGraw-Hill  Book  Company  Inc 

rYTt’  7“  f,ensive  compilation  edited  by  R.  R.  Hawking 
(  Sdentific,  Medical  and  Technical  Books  Published  in  the  United  States 
of  America,  1930-1944,”  prepared  under  the  direction  of  the  National 
Research  Council’s  Committee  on  Bibliography  of  American  Scientific 

and  Technical  Books,  Washington,  D.C,  1946)  is  useful  both  in  select¬ 
ing  and  borrowing  books. 

cals^TscuSn^’lTp  Eva'U.ation,of  Scien,ific  and  Technical  Periodi- 
s,  discussion  30-82,  Proceedings  of  the  Association  of  Special  Libraries 

and  Information  Bureaus,  15 th  Conference,  1038,  pp.  78-80 
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field  of  specific  interest  should  be  covered  thoroughly,  de¬ 
pending  upon  outside  sources  for  related  references  gleaned 
from  the  abstract  journals.  Present-day  microfilm  and  copy¬ 
ing  services  have  lightened  the  problem  of  obtaining  ex¬ 
ternal  material.  Government  documents  are  located  by 
checking  the  “United  States  Government  Publications 
Monthly  Catalog”  and  other  current  government  lists.  An 
article  by  M.  W.  Ellwood  is  interesting.5 

Recommendations  for  purchases  are  usually  the  combined 
suggestions  of  the  laboratory  personnel  and  the  librarian. 
The  policy  for  purchases  is  established  by  the  director.  Pur¬ 
chases  are,  in  some  cases,  approved  only  by  the  director  and 
in  others  by  a  library  committee.  The  value  of  the  latter 
depends  upon  the  impartiality  and  broad  outlook  of  the 
members.  In  a  strictly  research  library,  the  guiding  prin¬ 
ciples  might  be:  Purchase  nothing  that  you  expect  to  discard 
within  3  years,  and  bind  all  periodicals  except  trade  journals. 

The  Library  of  Congress  classification  is  the  most  widely 
used  for  scientific  libraries;  expansions  of  certain  sections 
are  frequently  made  to  fit  a  particular  field  of  interest.  The 
subject  headings  also  prepared  by  the  Library  of  Congress 
are  useful.6  Special  libraries  tend  to  index  in  considerable 
detail,  but  general  headings  should  not  be  neglected.  A  com¬ 
plete  list  of  subject  headings  should  be  prepared  at  the  very 
beginning  and  kept  up  to  date.  New  terminology,  some  of 
which  may  be  changed  several  times  before  an  accepted 
form  is  reached,  will  be  added  constantly.  A  check  list  of 
company  terminology  and  trade  names  is  needed  for  con¬ 
sistent  usage  in  reports  and  correspondence. 

The  Universal  Decimal  Classification  is  used  more  often 
for  magazine  articles  than  for  books  but  may  be  useful  in 
expanding  a  classification  for  the  latter.  It  is  frequently 
adopted  for  reports  and  abstracts.  An  abridged  English  edi- 

5  Building  a  Chemical  Library,  Chemical  Industries,  53:189,  1943. 

6  MacNair,  M.  W.,  editor,  “Subject  Headings  Used  in  the  Dictionary 
Catalogs  of  the  Library  of  Congress,”  4th  ed.,  Superintendent  of  Docu¬ 
ments,  Government  Printing  Office,  Washington,  D.C.,  1943. 
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tion  is  published  by  the  British  Standards  Institution  as 

British  Standard  1000A:  1948. 

Since  there  is  no  perfect  method  of  keeping  research 
workers  abreast  of  the  scientific  literature,  the  one  best 
fitted  to  the  individual  laboratory  requirements  must  be 
adopted.  A  few  libraries  keep  all  new  periodicals  for  a  long 
period  before  circulating  them;  many  more  hold  them  for 
only  a  brief  period.  The  majority  circulate  magazines  of 
special  interest  to  a  worker  directly  to  him  and  subscribe 
to  duplicate  copies  where  a  circulation  list  exceeds  10  or 
12  persons. 

Most  libraries  distribute  an  acquisition  list  periodically, 
which  may  or  may  not  be  annotated.  Besides  books,  the  list 
may  include  pamphlets,  publications  of  scientific  societies, 
American  standards,  government  publications,  catalogs,  and 
possibly  company  booklets  and  translations. 

New  literature  is  followed  daily  by  the  librarian,  and  ar¬ 
ticles  known  to  be  of  special  interest  to  a  worker  are  called 
to  his  attention.  Individual  interests  can  be  followed  by  the 
librarian,  however,  only  in  so  far  as  the  workers  cooperate 
in  outlining  or  making  their  special  interests  known. 

Library  service  for  any  department  or  branch  of  the  com¬ 
pany  frequently  works  to  the  advantage  of  the  library  as 
well  as  to  the  department.  A  knowledge  of  who  handles  what 
within  the  company  is  a  timesaver,  particularly  for  newer 
members  of  the  organization.  Keeping  detailed  records  of 
publications  of  members  of  the  laboratory,  keeping  company 
trade  literature  on  back  file  and  for  distribution,  assistance 
in  checking  references  for  publications  in  preparation  are 
only  a  few  of  the  common  services.  Time  alone  limits  the 
variety  of  worth-while  activities  that  can  be  undertaken— 
activities  that  constantly  change  with  the  demands  of  the 
day  and  growth  of  the  laboratory.  Many  of  the  services  and 
techniques  are  discussed  by  J.  E.  Wright 7  and  by  Lucille 
Jackson.8 


7  “Manual  of  Special  Library  Technique,”  London, 
‘  pecial  Libraries  and  Information  Bureaux.  1945. 
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Many  research  laboratories  prepare  bulletins  containing 
abstracts  of  scientific  and  technological  papers  pertinent 
or  important  to  the  laboratories’  work.  The  preparation  of 
such  abstract  bulletins  is  often  carried  on  by  the  library 
staff,  who  scan  the  current  literature  and  either  prepare 
abstracts  themselves  or  circulate  the  articles  to  the  labora¬ 
tory  staff  for  abstracting.  Such  abstract  bulletins  are  very 
useful  not  only  to  the  members  of  the  laboratory  but  to 
other  technical  groups  of  the  company. 

The  Kodak  Research  Laboratories  prepare  a  monthly 
abstract  bulletin  which  attempts  to  cover  all  the  scientific 
and  technical  publications  relating  to  photography.  The 
preparation  of  the  bulletin  is  the  responsibility  of  the  labo¬ 
ratory  editorial  office.  The  editor  prepares  a  list  of  the  publi¬ 
cations  to  be  abstracted  and  in  consultation  with  the  heads 
of  the  scientific  departments  decides  who  among  the  scien¬ 
tific  staff  shall  abstract  articles  in  the  different  journals. 
The  library  circulates  the  journals,  as  received,  to  the  labo¬ 
ratory  scientists  in  accordance  with  this  list.  Their  abstracts 
are  sent  to  the  editor,  who  compiles  them,  classifies  the  sub¬ 
ject  matter,  and  is  responsible  for  publication  of  the  bulletin. 
The  abstract  bulletin  is  distributed  widely  within  the  Kodak 
Company,  and  copies  are  also  sent  to  scientific  laboratories 
and  libraries  throughout  the  world.  The  total  circulation 
of  the  abstract  bulletin  is  about  1,700,  and  of  this  number 
over  1,000  copies  are  sent  outside  the  company. 

8  Jackson,  Lucille,  editor,  “The  Organization  and  Administration  of  a 
Special  Library/’  Pittsburgh  Chapter,  Special  Libraries  Association, 
Pittsburgh,  Pa.,  1946.  It  is  expected  that  this  mimeographed  38-page 
pamphlet  will  be  replaced  by  a  “Science-Technology  Manual  (cf.  Spe¬ 
cial  Libraries,  39:279,  1948). 


Chapter  XV 


The  Financial  Administration  of  the  Laboratory 


The  control  of  the  finances  of  the  laboratory  is  of 
great  practical  importance.  If  it  is  neglected,  serious 
friction  may  result  between  the  management  of  the 
laboratory  and  the  general  management  of  the  company, 
which  may  be  fatal  to  the  success  of  the  laboratory.  Even  in 
small  laboratories,  it  is  advisable  for  the  director  to  delegate 
the  financial  control  to  an  assistant  responsible  for  the  prep¬ 
aration  of  the  budget  and  control  of  expenditure,  so  that  the 
actual  expenditure  is  kept  within  the  amount  allotted.  In 
large  laboratories,  this  assistant  is  the  laboratory  business 
manager,  who  controls  all  finance,  supply,  building  opera¬ 
tion,  and,  usually,  personnel  and  industrial  relations. 


Effective  control  of  the  finances  can  be  obtained  only  if 
the  man  in  charge  of  them  has  the  confidence  and  full  sup¬ 
port  of  the  director,  so  that  all  expenditures,  whether  on 
staff  or  equipment,  are  kept  within  the  budget.  The  only 
way  to  keep  expenditures  within  a  budget  is  to  refuse  to 
spend  money  for  which  no  provision  has  been  made.  Con¬ 
fidence  on  the  part  of  the  general  manager  and  the  comp- 
tiollei  of  the  company  that  the  research  expenditures  will 
not  exceed  those  which  have  been  allotted  is  of  the  greatest 
value  in  keeping  harmonious  relations.  Such  confidence  also 
tends  to  assist  the  laboratory  in  having  real  freedom  to 
direct  its  technical  work  without  interference  by  the  con¬ 
trolling  departments  of  the  company.  If  poor  control  of  the 
laboratory  finances  shows  that  it  is  weak  in  effective  man¬ 
agement  it  is  natural  that  those  responsible  will  wish  to 
control  laboratory  expenditure  and,  consequently,  operation 
Laboratory  finance  includes  the  following:  (1)  Budget* 
mg,  either  by  expense  items,  such  as  salaries,  supplies,  over- 
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head,  and  similar  items,  or  by  projects;  and  the  preparation 
of  accounting  statements  of  such  expenditures  against  the 
budget  as  they  occur.  (2)  In  some  companies,  capital  budg¬ 
ets  are  prepared  to  provide  an  estimate  of  the  cash  needed 
for  each  year’s  expenditures.  (3)  The  internal  laboratory 
accounting  of  projects  and  problems. 

A  budget  is  usually  prepared  for  each  fiscal  year.  Some 
managements  review  the  progress  of  expenditures  against 
the  budget  quarterly,  others  semiannually,  and  most  com¬ 
panies  annually.  An  opportunity  to  revise  the  budget  is  pro¬ 
vided  by  reviewing  it  more  than  once  a  year.  In  established 
laboratories,  the  annual  budget  can  be  followed  closely,  and 
without  great  difficulty  the  expenditures  can  be  held  within 
the  limits  approved.  In  some  companies,  a  leeway  of  ±10 
per  cent  of  the  approved  budget  is  allowed.  It  is  interesting 
to  note,  however,  that  in  the  Kodak  Laboratories  the  total 
expenditures  for  research  and  development  under  laboratory 
direction  during  the  past  12  years  have  been  0.05  per  cent 
less  than  those  provided  by  the  total  budgets  at  the  begin¬ 
ning  of  the  years. 

The  most  important  item  in  the  expense  budget  is  labor, 
which  is  usually  at  least  50  per  cent  of  the  total.  The  obvi¬ 
ous  way  to  begin  preparation  of  the  budget,  therefore,  is  to 
list  the  names  and  current  salaries  of  the  past  year’s  staff- 
scientific,  service,  administration,  and  all  others.  The  esti¬ 
mated  salary  increases  for  the  next  year  should  be  added 
and  provision  made  for  replacements  and  additions  to  the 
various  sections  of  the  staff  approved  by  the  director.  The 

total  is  the  sum  of  the  budget  for  labor. 

Laboratory  supplies,  travel,  and  miscellaneous  expenses 
are  budgeted  according  to  departments  and  then  added  to¬ 
other  to  obtain  the  total.  General  expense  items,  such  as 
depreciation,  telephone,  power,  outside  services,  and  taxes, 
are  budgeted  for  the  laboratory  as  a  whole.  1  he  grand  tota 
represents  the  budget  for  the  year.  To  ensure  its  being  a 
nearly  correct  as  possible,  it  can  be  checked  in  several  way^ 

1.  The  previous  2  or  3  years’  cost  can  be  checked  item  y 
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item  with  the  new  budget  and  any  differences  studied  for 
explanation. 

2.  The  average  cost  per  technical  man  can  be  obtained 
by  dividing  the  total  budget  by  the  number  of  technical 
persons  included  in  the  budget,  and  this  average  cost  can 
be  compared  with  that  of  previous  years. 

The  average  cost  per  technical  man  is  becoming  of  in¬ 
creasing  interest  to  research  directors,  but  comparisons  be¬ 
tween  laboratories  are  difficult.  The  ratio  of  technical  men 
to  the  total  research  staff  varies  greatly  in  different  labora¬ 
tories.  Where  research  involves  a  great  deal  of  engineering 
experimentation,-  such  as  still  operations  in  oil  companies, 
the  ratio  of  technical  men  to  total  research  staff  is  low  com¬ 
pared  with  that  for  laboratories  where  the  work  is  in  the 
fundamental  sciences.  In  1945  the  laboratory  cost  for  seven 
companies  ran  from  $8,900  to  $21,500  per  technical  em¬ 
ployee,  with  a  mean  of  $9,800,  and  in  1947  the  estimated 
average  for  the  same  seven  companies  was  approximately 
$11,000. 

3.  The  total  budget  figure  can  be  compared  with  the  total 
of  previous  years’  costs. 

4.  The  total  can  be  checked  with  other  possible  controls, 

such  as  percentage  of  company  sales  budgeted  for  the  next 
year. 


Budgeting  by  projects  or  programs  is  useful  in  labora¬ 
tories  that  operate  on  the  so-called  “project  system”  (Chap. 
XI,  page  221).  The  director  estimates  how  much  money  is 
needed  during  the  given  period  to  carry  on  the  different 
programs  into  which  the  work  of  the  laboratory  is  divided 
and  the  total  constitutes  the  laboratory  budget  for  the 
period.  By  reviewing  the  previous  costs  of  the  projects  and 
allowing  for  any  change  in  the  rate  of  activity  or  using  the 
average  cost  per  technical  man,  the  total  cost  of  a  specific 

project  can  be  estimated  from  the  number  of  technical  staff 
to  be  assigned  to  the  project. 

The  project  budget  gives  company  management  the  on 
portumty  of  seeing  the  type  and  extent  of  work  that  the 
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director  proposes  to  undertake  the  following  year  and  of  con¬ 
trolling  the  work  by  approving  or  rejecting  certain  items. 
On  the  other  hand,  such  budgets  are  not  so  flexible  and  do 
not  lend  themselves  to  as  close  control  as  the  expense  type 
unless  elaborate  and  expensive  systems  of  internal  account¬ 
ing  are  set  up.  In  practice,  the  project  budget  does  not  seem 
to  restrict  changes  in  laboratory  work,  since,  except  for  spe¬ 
cific  development  problems,  the  projects  are  sufficiently 
broad  in  scope  to  permit  the  director  to  carry  on  whatever 
type  of  investigation  he  wishes. 

Because  it  is  not  possible  for  a  research  director  to  foresee 
unexpected  needs  for  research  and  development,  some  provi¬ 
sion  is  usually  made  for  obtaining  additional  funds  for  spe¬ 
cial  and  urgent  work.  Almost  all  laboratories  apply  directly 
to  the  management  for  increases  in  appropriations.  Such  re¬ 


quests  are  usually  for  development  programs,  and  the  direc¬ 
tor  states  the  specific  investigation  for  which  the  money  is 
needed,  so  that  management  has  a  definite  basis  on  which  to 
make  a  decision.  In  some  companies  there  is  a  special  appro¬ 
priation  system  applying  to  development  projects  by  which 
each  project  is  considered  individually  and  any  funds  allo¬ 
cated  are  used  only  for  the  particular  problem.  This  appro¬ 
priation  system  operates  continuously,  and  application  for 
funds  is  made  at  any  time.  The  cost  of  the  work  is  charged 
either  to  general  company  expense  or  to  the  manufacturing 
departments,  depending  upon  how  directly  it  relates  to  cur¬ 
rent  manufacturing  needs.  One  large  laboratory  does  not 
use  a  budget  but  operates  on  such  an  appropriation-request 
system  for  all  its  work,  both  research  and  development,  and 

requests  for  funds  are  made  at  any  time. 

In  laboratories  which  submit  a  general  budget,  the  direc- 
tor  can  shift  emphasis  by  transferring  man  power  from  one 
department  to  another  or  from  one  problem  to  ano  ■ 
Directors  who  submit  a  project  budget  are  theoreUcaUy 
more  restricted  in  their  freedom  to  shift  from  one .kind of 
work  to  another,  but  in  practice  formal  approval  from 
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management  is  required  only  for  major  changes  involving 
large  expenditures. 

The  particular  cost-control  systems  used  by  some  large 
laboratories  can  best  be  described  by  presenting  the  answers 
which  their  directors  gave  to  the  questions : 

What  restrictions  are  placed  by  management  or  otherwise 
upon  expenditures  before  the  responsibility  for  undertaking 
work  is  assumed  by  the  laboratory?  In  what  detail  is  this 
control  exercised?  Is  this  control  the  same  for  research  and 
for  development  work? 


1.  The  annual  budget  is  approved  for  research  and  for  de¬ 
velopment  under  research-laboratory  control,  and  the  use  of  this 
appropriation  is  then  the  responsibility  of  the  research  director. 
The  research  budget  states  the  amount  to  be  spent  for  laboratory 
supplies,  depreciation,  and  other  items  without  limitation  as  to 
particular  problems.  The  budget  for  development  work  is  divided 
into  specific  amounts  for  each  project. 

2.  Control  of  costs  is  through  an  appropriation-request  sys¬ 
tem,  which  is  the  same  for  both  research  and  development. 

3.  The  only  restrictions  upon  expenditures  are  exercised  in 
terms  of  an  over-all  budget  without  detailed  specifications.  The 
system  is  the  same  for  research  and  development  except  that  part 
of  the  budget  is  set  aside  for  development  work,  and  this  money  is 
eft  unassigned.  Approval  must  be  obtained  to  use  this  fund  be- 
oi e  manufacturing  and  development  work  is  undertaken. 

4.  Expenditures  are  approved  annually  by  an  over-all  bucket. 
There  are  no  details  in  the  budget  as  to  type  of  work  to  be  do'ne 
The  budget  is  based  on  estimates  of  the  research  program  to  b» 
undertaken  or  the  coming  year.  The  budget  system  applies  to 
both  research  and  development  work. 

5.  Control  of  research  and  development  costs  is  by  semi¬ 
annual  budget.  The  laboratory  proposes  a  schedule  of  exoendi- 
tuies  for  specific  projects.  Over-all  costs  are  broken  down  in  sev 

terirr  “  ln  terms  Payroll,  supplies,  and  material;  (b)  in 

terms  of  proposed  experiments  by  departments;  and  (c)  in  terms 
of  projects,  which  are  classified  or  grouped  in  four  Lt 
(  asic  research,  development,  pilot-plant  production,  and  servi’ceT 
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Budgets  are  very  detailed,  including,  for  instance,  a  list  of  per¬ 
sonnel.  Management  reviews  and  may  reject  parts  of  the  budget 
in  consultation  with  the  director;  in  practice,  this  seldom  occurs. 
Control  of  expenditures  is  primarily  exercised  at  the  time  the 
budget  is  approved,  although  theoretically  management  may  re¬ 
quest  work  in  certain  fields  or  discourage  work  in  other  fields  at 
any  time.  The  same  system  of  control  applies  to  development 
work  as  to  research. 

6.  The  budget  is  the  only  restriction.  Initiation  of  any  work 
which  may  exceed  the  total  budget  is  discussed  with  the  manage¬ 
ment.  Research  and  development  work  are  handled  in  the  same 
way  unless  major  expenditures  such  as  building  a  pilot  plant  are 
concerned,  and  then  the  work  is  discussed  with  the  heads  of  other 
departments  of  the  company  and  a  joint  authorization  is  presented 
to  management  covering  equipment  cost  together  with  an  estimate 
of  cost  of  operation. 


On  the  whole,  the  authors  recommend  the  use  of  the  an¬ 
nual  budget  based  upon  the  salaries  of  the  staff  and  adhered 
to  without  change  except  from  causes  external  to  the  labora¬ 
tory,  such  as  general  pay  increases  in  the  company  or 
changes  in  accounting  procedures  affecting  overhead  charges. 

After  the  budget  is  approved  by  the  management,  the 
funds  made  available  are  theoretically  distributed  among  the 
various  problems  or  departments  of  the  laboratory.  This  dis¬ 
tribution  is  usually  straightforward  because  the  director 
simply  executes  the  plans  which  are  the  basis  of  the  fore¬ 
cast.  The  director  decides  which  programs  or  specific  proj¬ 
ects  should  be  continued,  modified,  or  undertaken  in  the 
period  covered  by  the  budget,  estimates  the  number  of  scien¬ 
tists  needed  to  carry  on  the  work  and  translates  this  cos 
into  money,  or,  more  commonly,  specifies  the  expansion  or 
contraction  in  given  fields  or  departments.  Actually,  the  pro¬ 
cedure  is  relatively  simple  because,  in  stable  times, 
laboratory  personnel  and  programs  expand  in  an  orderly 
way,  and  reliable  figures  can  be  arrived  at  by  consider!  g 
the  past  budget,  increases  in  average  costs  and  salanes  a 
projected  increase  in  staff.  Unforeseen  demands  on  the  labo 
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ratory  or  increases  in  costs  are  met  by  a  request  to  the 
management  for  an  increase  in  budget,  but  the  fact  that 
such  requests  are  permissible  should  not  be  allowed  to  result 
in  careless  budgeting. 

It  is  inadvisable  to  attempt  to  expand  or  contract  the 
laboratory  staff  very  rapidly.  One  valuable  asset  of  research 
laboratories  is  morale,  and  that  psychological  factor  can  be 
strengthened  and  enhanced  by  security  and  continuity  of 
employment.  Forced  contraction  by  the  general  dismissal  of 
men  is  very  harmful  to  morale.  Research  directors  have  to 
carry  their  men  through  depressions  by  the  faith  that  the 
men  have  in  them — the  knowledge  that  they  will  be  fairly 
treated.  In  boom  times  the  wise  director  guards  against  over- 
expansion  lest  when  the  boom  is  over  he  will  suffer  too  greatly 
from  the  slump.  It  is  probably  unwise  to  attempt  any  ex¬ 
pansion  exceeding  10  per  cent  a  year,  and  a  contraction  of 
nearly  that  amount  can  be  accomplished  painlessly  by  sim¬ 
ply  not  replacing  the  normal  wastage.  During  depressions, 
there  is  a  tendency  for  the  weaker  and  less  adventurous  to 
remain  and  for  the  stronger  men  to  leave.  The  time  to  weed 
out  unsatisfactory  men  is  when  jobs  are  plentiful,  and  any 
loss  of  efficiency  resulting  from  keeping  the  poorer  men 
when  times  are  bad  is  much  less  serious  than  the  loss  of 
morale  that  comes  when  men  are  afraid  of  losing  their  posi¬ 
tions.  Thus  in  good  times  the  wise  director  avoids  over¬ 
expansion,  particularly  if  there  should  be  any  signs  of  an 
economic  storm,  and  at  the  same  time  he  “trims  his  sails” 

by  releasing  unsatisfactory  men  while  other  jobs  are  still 
available. 


As  mentioned  above,  expenditures  by  the  research  labora¬ 
tory  are  usually  reviewed  by  the  management  only  when  a 
new  budget  is  submitted  or  in  case  of  overruns.  The  account- 
mg  departments  of  many  companies  tabulate  costs  peri¬ 
odically,  however,  and  submit  to  their  laboratories  com 
parisons  between  budget  estimates  and  actual  expenditures 
These  statements  the  director  and  the  laboratory  business 
manager  use  to  check  their  records.  7  ess 
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Laboratory  expenditures  against  the  various  items  of  the 
budget  are  almost  always  recorded  in  conformance  with  the 
standard  accounting  practices  of  a  company.  In  an  attempt 
to  determine  the  distribution  of  cost  in  some  typical  labora¬ 
tories,  an  arbitrary  breakdown  was  chosen,  and  their  direc¬ 
tors  were  asked  to  provide  estimates  on  a  percentage  basis 
for  each  type  of  cost.  The  results  are  tabulated  below.  The 
large  variation  in  percentage  of  laboratory  cost  for  general 
company  expense  shown  in  Table  II  reflects  differences  in 
company  accounting  practices  and  other  factors.  The  other 
variations  among  the  laboratories  are  evident  from  the  table 
and  are  accounted  for  largely  by  the  types  of  work  done, 
relative  amounts  of  research  and  development,  amount  of 
equipment  and  supplies  needed,  and  ratio  of  professional 
to  nonprofesisonal  staff. 

Salaries  and  wages  generally  account  for  between  50  and 
75  per  cent  of  the  total  cost  of  operation.  In  laboratories 
doing  mostly  chemical  work  not  involving  large-scale  pilot- 
plant  operation,  about  two-thirds  of  the  budget  is  assigned 
to  salaries  and  wages;  in  laboratories  whose  principal  in¬ 
vestigations  are  largely  of  an  engineering  nature,  wages  and 
salaries  represent  about  50  per  cent  of  the  total  cost.  Clerical 
salaries  average  about  7  per  cent  of  the  total  cost.  TV  ages 
for  nontechnical  workers,  such  as  machinists,  carpenters, 
janitors,  and  maintenance  men,  vary  widely  and  reach  44 
per  cent  for  laboratories  which  construct  expensive  and  in¬ 
tricate  equipment  in  connection  with  engineering  investiga¬ 
tions.  The  average  for  chemical  laboratories  is  about  9  per 

cent. 

The  cost  of  laboratory  supplies  ranges  from  as  low  as  5 
per  cent  to  as  high  as  20  per  cent  of  the  total  budget,  appar¬ 
ently  depending  principally  upon  the  relative  amounts  o 
research  and  development  being  done.  Supplies  for  use  in 
the  operation  of  pilot  plants  can  be  very  expensive. 

An  attempt  was  made  to  learn  how  much  of  each  dollar 
spent  by  different  laboratories  is  used  for  actual  scientific 
investigations,  including  costs  of  technical  administration 


Table  II.  Percentage  Distribution  of  Costs  Involved  in  Laboratory  Operation 
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*  This  figure  combines  depreciation,  services,  and  overhead. 
+  Including  technical  service. 
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such  as  the  salaries  of  the  department  heads  but  not  general 
administration  and  other  expenses.  The  figures  for  several 
laboratories  are  given  in  Table  III. 


Table  III.  Percentage  Distribution  of  Costs  of  Scientific  Work 
in  Relation  to  Nontechnical  Operations  of  Laboratory 


Company 

Administration 

Direct  research 
and  development 

Maintenance 
and  operation 

1 

8.3 

79.7 

12.0 

2 

15.0 

80.0 

5.0 

3 

4.2 

90.0 

5.8 

4 

11.0 

82.9 

6.1 

5 

10.5 

80.5 

9.0 

6 

9.0 

81.8 

9.2 

Average 

9.5 

82.5 

8.0 

In  the  derivation  of  the  table,  figures  for  depreciation  and 
overhead  were  prorated  among  the  three  categories  of  cost. 
With  one  exception,  direct  research  and  development  costs 
are  uniformly  about  80  per  cent  of  the  total;  administration 
runs  from  4  to  15  per  cent,  four  of  the  six  laboratories  re¬ 
porting  figures  between  8  and  11  per  cent. 

An  attempt  was  made  to  determine  the  ratio  of  invest¬ 
ment  (building  cost  and  capital  equipment  cost)  to  annual 
operating  cost  for  typical  research  laboratories,  but  differ¬ 
ences  in  accounting  procedures  produced  a  wide  spread  of 
values.  Perhaps  the  best  generalization  is  that  the  annual 
operating  cost  for  an  individual  research  laboratory  is  about 
equal  to  the  original  investment  in  building  and  capital 

equipment.1  , 

The  directors  of  a  number  of  laboratories  were  also  asked 

for  the  annual  cost  of  equipment  purchased  per  professional 
scientist.  The  figures  ranged  from  $200  to  *2,000  and  seem 

>  This  generalization,  which  held  well  until  1940,  has  been  rendered 
invalid  by  the  inflation  in  costs,  especially  building  costs,  due  to  the  w  • 
It  may  eventually  be  expected  to  become  valid  again. 
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to  depend  largely  on  the  amount  of  pilot-plant  and  engineer¬ 
ing  development  work  which  the  laboratoiies  do. 

The  extent  to  which  laboratories  employ  consultants  in 
connection  with  their  research  and  development  programs  is 
indicated  by  the  cost  of  such  consultants  in  terms  of  per¬ 
centage  of  total  salary  of  the  technical-professional  staff. 
For  six  laboratories,  they  range  from  0.5  to  2.9  per  cent,  the 
specific  percentages  being  0.5,  0.73,  2.2,  1.0,  2.9,  and  2.1. 
Of  seven  laboratories  interrogated,  three  support  fellow¬ 
ships  in  industrial  research  institutes,  and  the  percentages 
of  their  total  laboratory  expenditures  allotted  to  such  fel¬ 
lowships  are  5,  2.4,  and  2.4,  respectively.  Two  laboratories 
pay  0.75  and  3.1  per  cent  of  their  total  laboratory  expendi¬ 
tures  for  the  services  of  private  consulting  firms. 

As  indicated  earlier,  most  large  research  laboratories  are 
represented  at  technical  meetings  by  members  of  their  scien¬ 
tific  staff.  A  certain  amount  of  travel  is  required  also  in  con¬ 
nection  with  laboratory  and  company  business.  Six  research 
laboratories  gave  the  figures  listed  in  Table  IV  in  reply  to  the 
question : 

What  percentage  of  the  total  laboratory  expenditure  is 
for  (1)  traveling  expenses  for  the  scientific  staff  to  attend 
scientific  meetings  not  of  a  direct  business  nature?  (2)  trav¬ 
eling  expenses  for  business  purposes ? 


Table  IV.  Expenditures  for  Travel,  Per  Cent 


Company 

Attendance  at 
scientific  meetings 

Trips  on  business 

Total 

1 

0.25 

0.75 

1.0 

2 

0.18 

2.3 

2.48 

3 

0.5 

1.0 

1.5 

4 

0.7 

2.8 

3.5 

5 

.... 

•  •  •  • 

2.4 

6 

0.15 

1.35 

1.5 

Average 

•  •  •  • 

•  •  •  • 

2.1 
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These  data  indicate  that  traveling  expenses  for  business 
purposes  are  usually  higher  than  those  for  attendance  at 
scientific  meetings.  They  also  reflect  a  rather  wide  diver¬ 
gence  in  different  laboratories  as  to  the  number  of  men  who 
attend  such  meetings  and  the  frequency  of  such  attendance. 

A  factor  which  has  a  bearing  on  the  laboratory  budget  is 
the  basis  used  for  determining  the  expenditures  to  be  capi¬ 
talized  and  those  which  should  be  charged  to  operating  ex¬ 
pense.  The  practice  varies.  Some  research  laboratories  do  not 
capitalize  any  expenditures.  In  most  laboratories,  however, 
items  which  cost  over  a  certain  minimum  sum,  say  $50,  and 
the  life  expectancy  of  which  is  at  least  1  year  are  capitalized. 
Items  which  have  no  application  except  for  a  specific  re¬ 
search  or  development  job  and  which  become  obsolete  upon 
the  completion  of  the  problem  are  usually  charged  to  oper¬ 
ating  expense.  In  general,  the  principles  are  the  same  as 
those  followed  by  the  other  departments  of  the  company. 

Procedures  for  obtaining  approval  of  capital  asset  expend¬ 
itures  are  usually  quite  definite.  In  almost  all  laboratories, 
the  director  is  authorized  to  approve  capital  expenditures  up 
to  a  certain  sum;  above  this  amount,  approval  must  be 
obtained  also  from  the  company  management.  This  limiting 
sum  differs  widely  from  laboratory  to  laboratory,  ranging 
from  $100  to  $1,000.  Usually  the  laboratory  conforms  to  the 
system  used  by  its  parent  company  for  all  other  company 
departments.  These  policies  apply  only  to  capital  expendi¬ 
tures,  and  items  of  considerable  cost  charged  to  operating 
expense  almost  never  require  approval  from  outside  the 
laboratory. 

It  is  common  for  laboratories  to  charge  other  departments 
for  certain  types  of  work.  Such  work  is  usually  confined  to 
quite  specific  investigations  relating  to  immediate  manufac¬ 
turing  needs,  but  occasionally  the  manufacturing  depart¬ 
ments  feel  that  more  extensive  programs  would  be  justified, 
and  they  are  willing  to  bear  the  cost.  These  services  usually 
represent  only  a  small  percentage  of  the  total  budget  but 
vary,  as  has  been  discussed  earlier,  from  laboratory  to  labo- 
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ratory.  Problems  of  the  following  types  are  often  charged 
for:  (1)  those  requested  by  the  manufacturing  departments 
for  the  production  of  specific  items  in  the  pilot  plant;  (2) 
production  research  and  development,  or  factory  service; 
(3)  service  to  control  departments  or  special  tests;  (4)  occa¬ 
sionally,  but  not  generally,  special  services  to  the  sales 
department. 

There  is  a  surprising  degree  of  uniformity  in  the  systems 
used  by  large  industrial  research  laboratories  for  keeping 
cost  records  of  laboratory  operations.  In  most  cases,  the 
accounting  practices  conform  to  those  of  the  company 
accounting  departments,  and,  indeed,  the  latter  usually 
carry  out  the  mechanical  accounting  operations  for  the 
laboratory.  The  laboratory  accounting  is  sometimes  done 
within  the  laboratory,  however,  by  a  group  reporting  to  the 
business  manager.  If  the  company  accounting  department 
does  the  detailed  accounting,  an  individual  or  small  group 
in  the  laboratory  usually  keeps  track  of  expenditures  and 
uses  the  data  for  various  internal  purposes.  The  size  of  such 
groups  varies  greatly.  On  the  average,  1  accountant  is  em¬ 
ployed  for  each  30  professional  employees,  though  some 
laboratories  use  five  times  as  many  accountants  as  this,  and 
some  are  satisfied  with  only  1  accountant  for  60  professional 
employees.  The  accounting  cost  per  professional  scientist 

varies  from  $76  to  $270  a  year,  with  the  average  somewhat 
below  $100. 


Opinions  vary  as  to  the  value  of  keeping  costs  of  the  indi¬ 
vidual  problems  or  projects  carried  on  in  the  laboratory.  As 
was  pointed  out  in  the  discussion  of  the  project  type  of 
udget,  such  costs  may  be  of  value  in  preparing  the  budget, 
and  they  are  also  worth  while  from  a  historical  standpoint 
ut  they  are  of  little  use  as  a  means  of  control  or  as  a  guide 
for  future  research.  The  current  cost  of  any  problem  does 
not  provide  a  dependable  clue  to  the  total  cost  of  completing 
he  work.  Research  differs  from  production  in  that  it  includes 
ew  repetitive,  measurable  operations,  and  therefore 
s  andard  costs  can  be  set  up  to  decide  the  success  or  failure 
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of  a  project.  The  actual  control  of  a  laboratory  program  is 
through  the  distribution  of  technical  man  power.  It  is  ex¬ 
panded  or  contracted  by  the  assignment  of  scientists  or 
engineers  to  the  program  and  not  by  arbitrary  authorization 
of  an  amount  of  money  to  be  spent  on  it. 

There  is  therefore  really  little  value  in  knowing  the 
amount  of  money  which  has  been  spent  on  different  labora¬ 
tory  problems.  In  most  large  laboratories,  however,  it  is 
practically  impossible  for  the  director  to  have  a  clear  picture 
of  all  the  work,  and  cost  records  serve  as  a  convenient  way 
of  measuring  the  over-all  effort  devoted  to  a  problem  or 
program. 

It  has  been  argued  that  one  important  reason  for  keeping 
laboratory  cost  records  is  to  provide  the  company  manage¬ 
ment  and  stockholders  with  some  measure  of  the  efficiency 
of  laboratory  operation.  This  argument  might  be  valid  if 
there  were  some  way  of  evaluating  in  detail  the  laboratory 
output ;  so  far,  however,  none  has  been  found.  Over  a  period 
of  years,  it  becomes  evident  whether  a  laboratory  is  success¬ 
ful,  but  there  is  no  w7ay  by  which  this  can  be  judged  in  the 
short  time  interval  covered  by  annual  cost  records. 


The  laboratory  cost  records  should  be  kept  in  no  more 
detail  than  is  needed  to  enable  the  director  and  business 
manager  to  prepare  satisfactory  budgets  and  for  the  orderly 
operation  of  the  laboratory.  In  a  laboratory,  there  is  no 
virtue  in  records  for  records’  sake,  and,  indeed,  overempha¬ 
sis  has  a  bad  effect.  Scientific  workers  justifiably  resent  being 
bothered  with  details,  such  as  writing  out  numerous  requisi¬ 
tions.  On  the  other  hand,  the  workers  should  be  aware  of  the 
amount  of  equipment  they  buy  and  how  they  spend  their 
f;mo  Snmp  balance  must  be  established  between  overatten- 
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investigation  are  defined  as  closely  as  possible,  whereas  in 
others  the  problem  number  may  cover  work  in  a  broad  field. 
Development  problems  are  usually  fairly  narrowly  specified. 
Since  the  detail  in  which  costs  are  kept  differs  from  labora¬ 
tory  to  laboratory,  the  total  number  of  problems  in  a  given 
field  of  investigation  may  vary  widely  for  different  labora¬ 
tories. 

Fairly  definite  statements  as  to  how  long  an  investigation 
will  take  and  how  much  it  will  cost  are  asked  for  in  some 
laboratories.  It  is  doubtful  whether  such  questions  can  be 
answered  with  sufficient  accuracy  to  warrant  any  guesses. 
Certain  types  of  information,  however,  are  useful  to  the 
laboratory  administration. 

One  of  the  problem-assignment  card  forms  used  by  the 
Kodak  Laboratory  is  shown  below. 

PROBLEM  ASSIGNMENT  CARD 

Problem  No . Classification:  R,  RD,  D,  SL,  SW  Department . 

Problem  Title . 


Workers  Engaged  on  Problem 

Origin  of  Problem . 

Objective  of  Problem . 


Special  Equipment  Needed . 

Classification  as  to  Duration: 

(1)  Long  term,  general  problem 

(2)  Basic  problem  with  more  or  less  specific  objective 

(3)  Short  term  problem  with  specific  objective 

(4)  Intermittent  problem  of  indeterminate  duration 

Date  Assigned . Submitted  by . 

Signed  for  Department . 

The  designations  R.  RD,  D,  SL,  and  SW  refer  to  the  fol- 
lowing  classifications  of  type  of  work:. 

R  Fundamental  research 
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RD  Applied  research  which  may  or  may  not  extend  into 
a  general  development  program 
D  Fairly  specific  development  problem 
SL  Service  for  the  laboratory 
SW  Service  for  departments  outside  the  laboratory 

Applications  for  problem  numbers  are  made  out  by  the 
senior  members,  approved  by  the  department  head,  and  sent 
to  the  business  manager’s  office  for  assignment  of  a  number. 

Costs  of  problems  are  compiled  at  regular  intervals  in 
most  laboratories,  usually  monthly,  and  submitted  to  the 
director  and  the  head  of  the  department  responsible.  These 
records  are  a  direct  indext  of  the  amount  of  money  spent  on 
each  problem  and  thus  are  an  indication  of  the  amount  of 
work  done  on  it.  The  types  of  costs  kept  and  the  way  in 
which  they  are  derived  in  different  laboratories  can  best  be 
described  by  the  answers  to  the  question: 


In  what  detail  are  costs  of  individual  projects  or  problems 
broken  down? 


1.  Department  costs  are  grouped  in  classifications  such  as 
labor,  travel,  chemical,  electrical  supplies,  shopwork,  deprecia¬ 
tion,  and  overhead.  In  deriving  costs  of  individual  problems,  the 
laboratory  lumps  together  these  charges,  except  labor,  as  depart¬ 
mental  overhead,  and  this  overhead  is  applied  to  each  problem  in 
proportion  to  the  direct  labor  charged  against  it. 

2.  Costs  of  individual  projects  or  problems  are  broken  down 
into  supplies,  fiersonnel  services,  special  chemicals,  and  wages. 
The  salaries  of  the  department  heads  are  divided  among  the  jobs 
under  their  supervision;  the  salaries  of  the  supervisory  technical 
men  are  charged  directly  to  the  problems.  Ordinarily,  chemicals 
are  not  charged  to  the  problems.  Salaries  of  the  director  and 
laboratory  and  laboratory  management  are  charged  to  overhead. 
Overhead  and  burden  costs  are  prorated  among  the  problems 


according  to  the  direct  labor  cost.  „ 

3.  Costs  of  individual  projects  are  carried  on  job  numbers 

Charges  against  job  numbers  are  made  at  a  flat  hour  y  ra  e  as 
on  salaries,  overhead,  supplies,  building  expense,  and  all  other 
items  of  expense  eharged  against  the  department.  The  total 
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charges  are  divided  by  total  possible  man-hours  of  the  depart¬ 
ment  to  give  the  flat-rate  figure  used  in  charges  against  job  num¬ 
bers.  Any  unusual  or  expensive  supplies  are  also  charged  indiiectly 
against  the  job  number. 

4.  The  costs  of  projects  are  broken  down  into  classifications 
such  as  direct  labor,  overhead,  outside  purchases,  materials  from 

'other  plants  and  departments,  and  laboratory  shopwork.  These 
costs  together  with  labor  costs  are  charged  directly  to  the  projects. 

5.  Problem  costs  are  broken  down  into  direct  items — salaries, 
wages,  and  supplies — and  indirect  items  such  as  rent  and  deprecia¬ 
tion.  The  direct  costs  are  charged  to  the  problems,  and  the  indirect 
costs  are  prorated  according  to  labor  costs. 

6.  Costs  of  research  are  maintained  by  projects  and  also  by 
departments  in  terms  of  direct  charges  exclusive  of  overhead. 
Costs  of  individual  projects  include  all  direct  costs.  Burden  and 
overhead  costs  are  charged  to  the  laboratory  as  a  whole  and  are 
not  distributed  to  the  projects. 

7.  Costs  of  individual  problems  are  broken  down  in  detail  and 
include  both  direct  and  indirect  costs  such  as  overhead. 

Most  laboratories  thus  charge  direct  costs  to  the  prob¬ 
lems,  whereas  overhead  or  burden  costs  are  prorated  among 
the  problems  in  proportion  to  direct  labor  costs.  Costs  of 
supplies  are  sometimes  charged  directly  to  problems  and 
sometimes  to  a  departmental  overhead  account,  which  is 
subsequently  prorated  among  the  problems  on  the  same 
basis  as  other  overhead.  Both  systems  are  used,  but  labora¬ 
tories  which  charge  supplies  directly  to  problems  or  projects 
usually  set  a  minimum  figure  of,  say,  $1  for  such  direct 
charges;  items  costing  less  are  collected  in  an  overhead 
account  that  is  subsequently  distributed.  This  system  avoids 
excessive  bookkeeping  costs  and,  what  is  more  important, 
eliminates  a  source  of  irritation  to  the  scientific  workers. 

Equipment  that  is  not  capitalized  is  usually  charged  to 
the  problem  or  project  number.  Depreciation  of  capitalized 

equipment  is  generally  charged  to  a  laboratory  overhead 
account  and  prorated. 

The  systems  used  for  keeping  labor  costs  in  different  labo¬ 
ratories  are  similar.  The  professional-technical  and  the  non- 


308  Industrial  Scientific  Research 

professional-technical  staff  almost  always  report  the  time 
spent  on  the  different  problems,  and  the  labor  costs  are 
charged  against  these  problems.  In  most  laboratories,  labor 
costs  for  clerical  personnel  are  considered  as  overhead.  The 
cost  of  nontechnical  personnel  is  also  usually  charged  to 
overhead,  but  in  some  cases  it  is  charged  to  specific  jobs 
according  to  problem  or  project  number. 

Maintenance  costs  are  usually  handled  in  the  same  way 
as  burden  and  overhead  costs;  i.e.,  they  are  distributed  to 
the  problems  in  proportion  to  direct  labor  costs. 

Charges  for  shopwork  such  as  carpentry,  instrument  mak¬ 
ing,  and  glass  blowing  are  almost  always  made  directly  to 
problems  or  projects,  although  in  some  laboratories  such 
shop  costs  are  lumped  together  and  distributed  on  a  direct 
labor  basis.  Costs  of  construction  of  special  equipment, 
either  inside  or  outside  the  laboratory,  are  usually  charged 
in  the  same  way;  if  very  large  expenditures  are  required  for 
equipment  not  foreseen  in  the  preparation  of  the  budget, 
special  requests  for  additional  funds  are  usually  made  to  the 
management. 

From  this  discussion  of  internal  laboratory  cost  account¬ 
ing,  it  is  apparent  that  over  a  period  of  years  most  industrial 
research  laboratories  have  arrived  at  a  generally  acceptable 
system.  The  variations  arise  from  differences  in  methods  of 
charging  certain  types  of  supplies  and  some  kinds  of  service 
such  as  shopwork.  These  minor  variations  are,  however, 
unimportant. 

An  interesting  account  of  the  system  of  finance  and 
accounting  used  by  a  special  type  of  research  organization, 
the  Gulf  Research  and  Development  Company,  which  oper¬ 
ates  as  a  nonprofit  subsidiary  of  the  Gulf  Oil  Corporation 
and  is  organized  to  serve  as  the  centralized  research  depart¬ 
ment  for  all  of  the  affiliated  companies  of  the  parent  corpo¬ 
ration,  is  given  by  Foote  and  Wescott. 

2  Foote  P  D  and  B.  B.  Wescott,  Analyses  of  Research  Costs,  Pro¬ 
ceedings  of  the  Conference  on  Administration  of  Research,  Pennsylvania 
State  College  Bulletin,  Tech.  Bull.  29,  Oct.  6-7,  1947. 


Chapter  XVI 


The  Personnel  of  the  Laboratory 


The  quality  of  the  scientific  staff  of  a  laboratory,  upon 
which  its  performance  depends,  is  influenced  greatly 
by  the  way  in  which  the  staff  is  chosen.  In  small  labo¬ 
ratories,  the  recruiting  is  often  carried  out  by  the  director, 
but  in  larger  laboratories  it  is  usually  done  by  the  adminis¬ 
trative  section  or  the  business  manager.  Some  companies 
have  a  business  and  technical  personnel  department  at  their 
head  office  for  this  function. 


For  most  vacancies,  it  is  preferable  to  obtain  men  from  an 
accredited  college  or  university,  directly  after  graduation, 
with  the  bachelor  or  doctor  of  philosophy  degree  in  a  major 
field  of  science  in  the  specialized  field  of  the  industry.  The 
placement  officers  or  department  heads  at  the  educational 
institutions  are  of  great  assistance  in  the  procurement  of 
staff  members.  Some  companies  send  members  of  their  per¬ 
sonnel  staff  to  the  universities  several  months  before  gradu¬ 
ation  to  discuss  with  the  graduating  class  the  possibilities  of 
employment;  a  clearer  picture  of  the  work  of  the  laboratory 
can  be  presented  by  a  senior  member  of  the  laboratory  staff 
who  accompanies  the  representative  of  the  personnel  group’ 
There  are  occasions  when  time  is  too  short  to  train  fresh 
graduates  for  an  urgent  program,  and  candidates  with  suit- 
ab  e  experience  may  be  found  at  meetings  of  scientific  soci¬ 
eties  or  technical  associations.  On  the  whole,  this  method  is 
no  so  successful  as  the  employment  of  men  immediately 
after  graduation.  The  personnel  department  usually  has  a 
hie  of  applications  made  directly  to  the  company,  which  is 
valuable.  Time  and  budget  permitting,  it  is  an  excellent  plan 
to  hue  a  few  good  prospects  for  temporary  work  durimfthp 
summer,  immediately  prior  to  their  final  year  of  training 
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The  company  and  the  man  are  thus  able  to  make  a  better 
decision  as  to  subsequent  permanent  employment. 

Of  the  many  qualifications  that  are  desirable  in  appli¬ 
cants,  aptitude  and  ability  for  research  are  first.  The  best 
source  of  information  regarding  this  is  the  man’s  record  at 
the  university  and  the  opinion  of  those  of  his  professors 
whose  judgment  is  known  to  be  reliable  and  who  have  had 
direct  contact  with  the  man.  Most  teachers  are  eager  to  see 
their  students  well  placed,  where  they  will  have  an  oppor¬ 
tunity  to  succeed,  so  that  reliance  can  be  placed  upon  their 
opinion  of  the  candidate.  The  scholastic  record  and  breadth 
of  knowledge  are  important  qualifications.  A  man  must 
really  understand  his  science,  but  a  disciplined,  inquiring 
mind  with  good  judgment  is  most  sought  after.  A  man  who 
has  taken  a  scientific  degree  at  a  university  should  have  a 
strong  theoretical  background  supported  by  laboratory  ex¬ 
perience  in  experimental  work.  He  may  also  reasonably  be 
expected  to  have  a  good  acquaintance  with  the  literature  of 
his  subject.  Scientific  research  men  should  be  able  to  read 
French  and  German  in  addition  to  English;  a  knowledge  of 
other  languages  is  definitely  an  advantage,  but  in  the  case  of 
men  who  propose  to  make  scientific  research  their  profession 
a  working  knowledge  of  the  three  principal  European  lan¬ 
guages  is  important.  It  is  of  great  value  for  a  scientist  to  be 
able  to  express  himself  well,  both  in  writing  and  in  speaking. 
Where  men  are  needed  for  development  work  rather  than 
for  research,  emphasis  might  be  placed  on  special  training, 

such  as  engineering  or  economics. 

Character  and  integrity  should  also  be  considered.  It  is 
advisable  to  keep  in  mind  the  man’s  fitness  not  only  for  the 
present  laboratory  job  but  for  other  positions  in  the  labora¬ 
tory  and,  later,  in  other  company  departments.  Such  details 
as  health,  appearance  and  approach,  family  background,  and 
social  experience  contribute  to  an  applicant’s  over-all  desira¬ 
bility  and  may  be  valuable,  particularly  in  later  years  when 

other  opportunities  arise  in  the  company.  ,  . , 

It  is  wise  to  bring  any  man  who  is  being  seriously  consul- 
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ered  for  employment  to  the  laboratory  for  a  day  or  two.  A 
visit  will  give  him  an  opportunity  to  see  the  surroundings, 
talk  with  several  department  heads,  and  sense  the  spirit  and 
morale  of  the  laboratory.  At  the  same  time,  an  opinion  can 
be  formed  of  his  particular  scientific  interests  and  the  sec¬ 
tion  in  which  he  might  prefer  to  work;  of  his  attitude  toward 
work  and  industry  in  general;  and  of  his  personality  and 
spirit  of  cooperation.  The  opinion  of  men  on  the  laboratory 
staff  who  have  come  from  the  same  university  or  who  know 
the  candidate  is  often  valuable. 

After  all  the  factors  mentioned  above  have  been  carefully 
considered — the  scholastic  record  with  the  recommendations 
of  the  professor  and  the  characteristics,  interests,  and  prefer¬ 
ences  of  the  man  himself — the  department  heads  in  most 
large  laboratories  make  their  recommendations,  and  the 
decision  about  offering  the  candidate  employment  is  reached 
by  the  director  or  someone  to  whom  such  authority  is  dele¬ 
gated.  The  offer  is  usually  made  or  confirmed  in  writing  by 
the  personnel  department  or  through  an  authorized  channel. 
This  procedure  ensures  that  initial  salaries  receive  uniform 
consideration  and  that  such  requirements  as  a  contract  and 
medical  examination  are  brought  to  the  attention  of  the 
applicant  before  he  makes  a  final  decision  to  accept  the 
position  offered  him. 

The  task  of  obtaining  men  for  older,  well-established  labo¬ 
ratories  is  easier  than  it  is  for  new  or  relatively  unknown 
companies.  It  is  also  easier  for  the  laboratory  that  has  a 
reputation  for  emphasis  on  fundamental  research  and  for 
liberal  policies  concerning  the  publication  of  scientific  papers 
and  attendance  at  scientific  meetings. 

The  method  used  in  recruiting  new  members  for  a  re¬ 
search-laboratory  staff  varies  in  individual  companies.  A 
large  number  of  directors  prefer  to  select  a  man  for  a  specific 
job  or  prospect:  it  is  frequently  less  upsetting  to  bring  in  a 
new  man  for  a  particular  vacancy  than  to  make  several 
moves  within  the  laboratory,  and  some  advantages  result 
from  the  man  getting  his  training  on  the  main  problem.  This 
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practice  also  allows  a  better  control  of  the  laboratory  budget, 
since  men  are  hired  only  for  actual  vacancies,  and  an  excess 
staff  which  may  be  unsuitable  for  the  next  problem  is 
avoided.  From  the  man’s  standpoint,  he  has  some  choice  in 
the  field  of  work  and  is  less  apt  to  feel  that  he  is  on  trial.  In 
some  companies,  a  man  is  assigned  to  a  department  and 
associates  himself  loosely  with  several  projects  until  a  per¬ 
manent  one  is  selected.  In  others,  a  man  is  assigned  to  four 
or  five  departments  for  several  months  each  to  receive  gen¬ 
eral  training  before  final  placement,  especially  if  he  has  only 
a  bachelor’s  or  master’s  degree.  Any  effort  made  to  place  a 
man  in  work  that  attracts  his  interest  and  challenges  his  best 
efforts  is  well  repaid. 

In  most  laboratories,  there  are  a  few  excellent  research 
men  who  joined  the  staff  with  only  a  formal  high-school  edu¬ 
cation.  By  completing  college  extension  courses  over  a  long 
period  of  years  and  extensive  reading,  they  have  obtained 
an  adequate  background  for  a  successful  scientific  career. 

The  directors  of  a  number  of  laboratories  were  asked  what 
they  thought  wras  of  prime  importance  in  determining  the 
success  of  laboratory  operation,  excluding  considerations  of 
research  direction  and  the  attitude  and  cooperation  of  man¬ 
agement.  Morale  of  the  staff  was  stated  in  the  greatest  num¬ 
ber  of  cases  to  be  the  most  important  single  factor,  with 
cooperation  next.  The  results  produced  by  the  individual 
research  worker  depend  greatly  upon  his  attitude  toward 
his  work,  the  laboratory,  and  the  company.  It  is,  therefore,  a 
matter  of  concern  to  provide  the  worker  with  an  environ¬ 
ment  and  atmosphere  that  enable  him  to  concentrate  effec¬ 
tively  on  his  scientific  work.  Several  directors  felt  that  the 
laboratory  should  establish  a  good  reputation  among  scien¬ 
tists  in  order  to  attract  excellent  research  workers.  One 
director  stated  that  the  success  of  a  laboratory  depends 
greatly  upon  the  ability  of  the  director  and  his  staff  to  select 
live,  active  problems  which  could  be  solved  by  the  workers 
to  prevent  their  becoming  discouraged,  and  another  said 
that  an  individual’s  broad  knowledge  of  .over-all  company 
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problems  must  be  encouraged  in  order  to  promote  company 
loyalty  and  cooperation. 

Perhaps  the  two  most  important  factors  in  maintaining 
high  morale  of  the  laboratory  staff  are  as  follows:  (1)  Rec¬ 
ognition  of  the  individual's  accomplishments  by  others, 
either  within  or  outside  the  laboratory.  Men  should  be  per¬ 
mitted  to  publish  their  findings  in  order  to  build  up  their 
scientific  reputations,  since  those  interested  in  fundamental 
research  usually  receive  recognition  in  this  way.  (2)  Ade¬ 
quate  salaries  for  scientific  work.  Scientific  men  should  be 


rewarded  as  well  as  the  men  in  the  development,  production, 
and  sales  departments  of  the  company.  Practical  results  are 
more  easily  appreciated  than  fundamental  science,  but  if 
fundamental  research  is  to  be  carried  out,  it  must  be  attrac¬ 
tive  financially.  This  situation  is  now  recognized  in  most 
large  laboratories,  and  policies  are  established  for  paying  as 
much  to  scientists  doing  successful  fundamental  research  as 
to  men  in  administrative  positions  or  in  development  work 
Recognition  for  successful  work  is  usually  evidenced  by 
advancement  in  position  as  well  as  by  salary.  A  more  intan¬ 
gible  but  an  important  form  of  recognition  is  that  shown  by 
the  research  director  and  department  heads  in  giving  a  man 
responsibfiity  to  make  decisions  about  his  work.  Consistent 
with  laboratory  operation  and  policy,  the  individual  worker 
should  build  up  his  reputation  both  inside  and  outside  the 
aboratory.  He  must  be  permitted,  whenever  possible  to 
work  directly  with  the  manufacturing  departments,  with  of 
course,  the  approval  and  knowledge  of  his  department  head  • 
n  other  words,  his  stature  within  the  company  must  not  be 
linn  ted  by  unnecessary  rules  or  policies  of  the  laboratory 
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informal  as  possible,  but  this  must  not  be  carried  “oint 
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where  the  men  are  uncertain  of  their  status  and  position. 
The  research  director  should  avoid  cutting  across  organiza¬ 
tional  lines  without  informing  all  concerned  of  his  action;  he 
must  not  undermine  his  subordinates’  position.  It  is  particu¬ 
larly  necessary  in  laboratories  using  the  project  system,  in 
which  teams  of  workers  are  formed  from  members  of  differ¬ 
ent  departments,  that  a  clear  distinction  be  made  between 
responsibilities  to  the  project  leader  and  to  the  department 
head.  For  fundamental  research,  administrative  problems  of 
this  type  do  not  often  occur,  since  cooperative  effort  is  not 
common. 

The  objective  of  the  industrial  laboratory  is  to  produce 
commercial  results,  and  if  scientists  are  sufficiently  indoctri¬ 
nated  in  this,  they  will  naturally  be  interested  in  the  practi¬ 
cal  outcome  of  their  findings.  The  effect  on  morale  of  keep¬ 
ing  research  workers  informed  of  the  progress  and  ultimate 
disposition  of  the  work  as  it  relates  to  manufacturing  uses 
is  significant.  The  emphasis  placed  on  it  by  different  research 
directors  varies,  but  many  agree  that  it  is  desirable  provided 
that  such  information  does  not  distract  the  individual  from 


his  other  work. 

One  means  for  making  the  research  worker  feel  that  he  is 
part  of  a  large  group  working  for  the  general  good  of  the 
laboratory  and  company  is  to  keep  him  informed  of  its  w  ork 
and  of  matters  of  policy  that  affect  the  laboratory  as  a  whole. 
The  laboratory  members  should  be  made  to  feel  that  they 
are  an  integral  part  of  the  organization  and  that  they  are 
informed  on  matters  which  may  affect  their  future.  The  dis¬ 
semination  of  general  information  should  extend  through 
the  professionally  trained  scientists  in  some  cases  to  the 
laboratory  assistants.  In  some  laboratories  there  are  periodic 
meetings  of  the  scientific  staff  to  present  such  matters. 

Almost  all  industrial  laboratories  send  research  men  to 
scientific  meetings  for  stimulation  of  their  morale  as  we  as 
for  educational  or  business  reasons.  The  comments  of  some 
directors  of  research  are  of  interest  in  this  connection.  Sev- 
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eral  stated  that  it  is  desirable  to  send  men  to  such  meetings 
but  that  it  is  important  to  ensure  that  they  profit  by  them. 
Many  different  individuals  should  be  allowed  to  participate, 
and  the  tendency  for  the  senior  staff  to  monopolize  the  privi¬ 
lege  must  be  watched.  The  frequency  with  which  members 
of  the  laboratory  staff  are  sent  to  scientific  meetings  varies, 
but  in  large  laboratories,  on  the  average,  each  scientist  at¬ 
tends  a  meeting  once  every  2  years.  Some  go  more  often  than 
others  because  they  present  papers  or  profit  directly  from 
the  programs.  A  secondary  effect  is  to  advertise  the  labora¬ 
tory  through  private  discussions.  Meetings  also  provide  a 
convenient  place  to  discuss  business  matters,  so  that  several 
purposes  may  be  served  simultaneously.  A  liberal  policy 
concerning  attendance  at  scientific  meetings  is  a  very  real 
inducement  to  join  a  laboratory,  and  the  absence  of  such  a 
policy  may  act  as  a  deterrent. 

The  efficiency  of  the  laboratory  is  affected  considerably  by 
its  equipment.  Senior  laboratory  workers  feel  strongly  that 
they  are  best  qualified  to  decide  on  the  equipment  they 
need.  In  over-all  laboratory  expenditures,  equipment  usually 
represents  a  relatively  small  fraction  of  the  total,  and  it  is 
wise  to  give  the  individual  workers  as  much  freedom  as 
possible  in  the  selection  of  equipment.  This  is  done  by  most 
large  laboratories,  and  only  where  large  expenditures  are 
involved  does  the  administration  question  orders  for  appa¬ 
ratus.  Some  persons  are  more  interested  in  building  appa¬ 
ratus  than  in  using  it,  however,  and  some  control  must  be 
exercised  over  them.  The  administration  is  responsible  for 
avoiding  the  duplication  of  equipment  already  on  hand. 

One  of  the  chief  objectives  of  the  director  should  be  to 
keep  good  research  men  in  the  laboratory  and  not  to  make 
administrative  or  desk  work  so  attractive  that  they  leave  the 
laboratory.  It  is  also  well  to  place  the  department  directors 
or  heads  in  the  midst  of  their  laboratories  and  not  to  put 

e'r  °ffices  .1'1  °‘hei;  hidings  or  at  any  distance  from  the 
staff.  Scientific  leadership  is  much  more  effective  if  the 
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department  heads  are  easily  available  for  consultation  and 
encouragement  and  can  follow  the  progress  of  the  work 
closely. 

In  spite  of  placement  and  environment  being  given  care¬ 
ful  attention,  occasions  occur  when  it  is  advisable  to  move  a 
man.  Such  occasions  may  arise  from  a  number  of  reasons: 
the  need  for  a  man  of  special  training  elsewhere  in  the  labo¬ 
ratory  or  company ;  the  opportunity  to  use  his  abilities  to  a 
greater  extent  in  production,  sales,  or  service  departments, 
and  with  greater  benefit  to  the  company  and  to  the  man; 
loss  of  interest  in  the  present  field  or  greater  interest  in  an¬ 
other  scientific  field;  difficulties  with  immediate  supervision; 
and,  the  most  serious  reason,  a  man  proving  to  be  unsatis¬ 
factory  for  any  available  position  in  the  company. 

It  is  often  advantageous  to  transfer  men  with  particular 
training  from  one  position  to  another  in  the  laboratory. 
Sometimes,  promotions  or  changes  in  the  staff  make  it  neces¬ 
sary  to  move  a  man  from  one  section  to  another.  Of  equal 
importance  is  the  transfer  of  laboratory  men  to  other  divi¬ 
sions  of  the  company.  In  many  industrial  laboratories,  it  is 
the  practice  to  transfer  technical  men  to  administrative  or 
operational  divisions  of  the  company.  The  opportunity  of 
transfer  to  other  departments  of  the  company  is  an  advan¬ 
tage  to  the  men.  Some  have  difficulty  in  selecting  an  indus¬ 
trial  research  job  that  does  not  provide  a  continuation  of 
their  university  research  thesis.  After  they  acquire  industrial 
research  experience,  their  judgment  matures  and  their  objec¬ 
tives  change.  After  a  few  years  in  the  laboratory,  many  men 
find  that  by  temperament,  interest,  or  training  they  are 
better  suited  for  other  fields,  and  the  laboratory  administra¬ 
tion  should  endeavor  to  place  them  somewhere  else  in  the 
company  as  soon  as  the  situation  is  realized.  A  sincere  effort 
on  the  part  of  the  laboratory  administration  to  help  men 
find  the  work  for  which  they  are  suited  has  a  definite  effect 
upon  the  morale  of  the  laboratory  staff ;  persons  who  feel 
frustrated  usually  talk  about  their  troubles  with  others  and 
tend  to  cause  unrest.  A  more  positive  reason  for  transferring 
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men  is  that  there  are  often  opportunities  for  advancement 
which  do  not  exist  in  the  laboratory. 

For  the  reasons  set  forth  above,  many  research  directors 
have  the  policy  of  initiating  the  transfer  of  members  of  their 
staff  to  other  divisions  of  the  company,  so  much  so  that  5  to 
10  per  cent  of  the  laboratory  staff  may  be  transferred  annu¬ 
ally.  After  a  term  of  years,  it  is  found  that  the  manufactur¬ 
ing  supervision  contains  a  large  proportion  of  men  who 
started  in  the  research  laboratory  and  the  administrative 
and  sales  departments  have  a  considerable  number  of  labo¬ 
ratory  alumni.  These  men  not  only  assist  the  relations  of  the 
laboratory  to  other  departments  of  the  company;  they  pro¬ 
duce  a  general  infusion  of  scientific  spirit  and  scientific 
method  throughout  the  organization.  No  man  whose  chief 
interest  is  in  scientific  research  should  be  induced  to  leave 
the  laboratory  by  the  offer  of  increased  pay  or  prestige,  but 
many  who  are  among  the  most  capable,  energetic,  and  val¬ 
uable  men  in  the  laboratory  are  more  suitable  for  operating 
positions  after  they  have  spent  some  years  in  research.  It  is 
not  easy  to  transfer  these  valuable  men ;  they  are  transferred 


not  because  they  are  failures  but  because  they  are  successful. 
Their  seniors  in  the  laboratory  do  not  want  to  let  them  go; 
indeed,  they  often  insist  that  they  cannot  get  on  without 
them.  The  men  themselves  are  generally  happy  and  not  very 
anxious  to  venture  into  a  new  field;  and  not  infrequently 
the  department  head  who  really  needs  them  is  doubtful 
about  taking  a  man  who  has  no  experience  in  his  special 
work.  The  decision  must  be  made  by  the  research  director 
and  by  the  administration  of  the  company,  who  take  the 
responsibility  of  convincing  all  three  parties— the  man,  the 
department  that  he  is  leaving,  and  that  to  which  he  is  going 
-that  the  transfer  should  be  made.  The  authors  of  this  book 
have  made  many  such  transfers,  and  almost  all  of  them  have 
been  successful,  some  very  successful  indeed.  These  “gradu 
ates  from  the  laboratory  are  not  only  its  best  friends  in  the 

company,  t  ley  are  also  the  most  competent  managers  that 
the  company  can  obtain.  *  1 
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From  an  administrative  standpoint,  personnel  matters, 
particularly  grievances,  are  best  handled  by  the  department 
or  section  head.  Experience  shows  that  in  the  case  of  research 
workers,  however,  it  is  helpful  if  they  can  turn  to  some  mem¬ 
ber  of  the  administration  group  for  advice  on  other  than 
scientific  matters.  Sometimes  they  find  it  difficult  to  discuss 
their  feelings,  personal  ambitions,  worries,  or  troubles  with 
their  technical  supervisors,  and  if  they  are  free  to  talk  with 
someone  outside  their  immediate  group,  they  may  obtain  a 
clearer  perspective  on  the  situation.  The  spotlight  may  be 
shifted  from  some  grievance  to  a  broader  and  more  impor¬ 
tant  objective,  or  a  satisfactory  explanation  may  be  given 
for  a  trivial  complaint.  Most  directors  are  ready  to  discuss 
personal  questions  with  their  staff,  particularly  with  the 
senior  staff,  and  they  should  be  kept  informed  of  the  more 
important  cases  in  laboratories  where  the  administration 
group  handles  such  situations. 

Occasions  for  the  termination  of  employment  for  mem¬ 
bers  of  the  laboratory  staff  are,  fortunately,  few  in  normal 
times.  There  are  always  a  few  who  come  to  the  laboratory 
with  little  or  no  university  graduate  training  who  feel  after 
some  experience  in  industrial  research  that  they  would  be 
more  adequate,  technically  or  psychologically,  if  they  re¬ 
turned  to  school  for  further  training.  It  is  wise,  before  a  man 
gives  up  a  good  position  to  get  additional  training,  to  make 
sure  that  he  has  a  clear  picture  ol  his  objectives  and  that  this 
decision  will  help  to  attain  them.  Some  companies,  not  wish¬ 
ing  to  lose  such  men,  grant  them  a  leave  of  absence  without 
pay.  In  one  or  two  companies  which  believe  special  benefit 
will  accrue  to  the  company,  men  are  granted  leaves  of 
absence  with  pay  and  cost-of-living  allowance  to  permit 
them  to  pursue  postgraduate  work  for  a  year.  This  allow¬ 
ance  is  in  addition  to  the  usual  policy  of  paying  part  or  all 
of  the  expense  of  night  school  or  extension  courses,  taken 
during  employment,  which  will  benefit  the  man  in  his  work. 

The  continuity  of  service  that  should  be  hoped  for  from 
the  senior  staff  cannot  be  expected  from  the  junior  men, 
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since  they  desire,  as  they  grow  older  and  acquire  experience, 
to  undertake  research  on  their  own  initiative  as  well  as  to 
obtain  positions  of  greater  responsibility  and  better  remu¬ 
neration.  They  will  therefore  go  elsewhere,  for  no  laboratory 
can  develop  with  sufficient  rapidity  to  absorb  the  growth  of 
all  its  younger  men.  Every  research  laboratory,  therefore, 
must  expect  to  assist  in  the  training  of  the  general  body  of 
research  workers  by  taking  men  just  graduated  from  the 
universities  and  after  they  have  had  some  years  of  experi¬ 
ence  in  research  work  seeing  them  leave  to  occupy  positions 
for  which  there  cannot  be  an  equivalent  opening  in  the  labo¬ 
ratory  where  they  have  acquired  their  training.  Others  re¬ 
turn  to  teaching  or  enter  an  entirely  unrelated  field  of  work 
for  family  or  other  considerations. 

Retirement  is  handled  in  several  ways  in  industrial  re¬ 
search  laboratories,  and  pension  plans  are  quite  varied.  In 
most  companies,  the  retirement  age  is  sixty-five,  although  a 
few  specify  sixty.  A  large  number  make  retirement  compul¬ 
sory  except  in  special  cases,  where  an  extension  of  up  to  5 
years  after  the  preferred  retirement  age  is  granted  with  the 
approval  of  the  company  management.  In  a  few  cases,  men 
after  formal  retirement  can  be  hired  as  consultants  or  are 
given  retainer  fees.  This  arrangement  offers  a  partial  solu¬ 
tion  for  the  problem  of  the  older  scientist  with  rich  and 
valuable  experience  and  makes  his  store  of  knowledge  avail¬ 
able  foi  the  benefit  of  the  laboratory  as  a  whole. 
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In  the  final  analysis,  a  research  laboratory  consists  of 
scientists — of  men  and  women.  As  it  grows  in  numbers, 
one  of  the  most  obvious  and  generally  recognized  needs 
is  a  plan  of  control  over  salaries.  Such  a  plan  is  essential  in 
the  determination  of  rational  and  equitable  means  of  com¬ 
pensation  reflecting  individual  differences  in  accomplish¬ 
ment  and  over-all  value  to  the  laboratory. 

The  first  step  in  installing  a  salary-evaluation  program  is 
the  preparation  of  job  descriptions  defining  those  aspects  of 
each  key  position,  or  group  of  related  positions,  which  have 
an  important  bearing  upon  its  value.  Comprehensive  job 
specifications  establishing  the  basic  responsibilities,  func¬ 
tions,  and  relationships  for  each  position  form  an  excellent 
basis  for  job  evaluation  wherever  it  is  possible  to  set  up  such 
specifications.  The  different  positions  can  be  appraised  and 
ranked  according  to  relative  worth  vertically  by  depart¬ 
ments  and  horizontally  across  the  laboratory  and  com¬ 
pany. 

During  recent  years,  “formal  point-rating”  or  factor- 
comparison  job-evaluation  plans  have  become  popular  in 
the  determination  of  values  for  various  industrial  positions. 
Though  such  plans  are  effective  in  the  measurement  of  gen¬ 
eral  factory,  clerical,  and  nontechnical  jobs,  the  over-all 
appraisal”  method  is  considered  more  practical  as  a  basis 
for  gradations  of  research  classifications  in  view  of  the  much 
wider  diversity  of  functions  and  greater  difficulty  in  meas¬ 
uring  individual  job  factors. 

The  simplest  form  of  organization  contains  supervisory, 
technical,  semitechnical,  and  service  classifications,  and  each 
general  classification  can  be  subdivided  into  as  many  grada- 
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tions  as  are  needed  to  provide  for  a  logical  promotional 
sequence  and  as  can  be  adequately  described  to  reflect  the 
various  levels  of  technical,  mental,  personal,  and  supervisory 
requirements.  For  instance,  in  a  chemical  laboratory,  in  the 
case  of  the  largest  class — the  technical — the  beginning  chem¬ 
ist  with  a  bachelor’s  degree  would  serve  as  a  suitable  starting 
point  and  could  be  called  chemist.  The  next  group  would 
consist  of  the  same  class  after  4  or  5  years’  experience,  or 
beginning  chemists  with  the  doctor’s  degree,  with  the  title 


research  chemist.  Additional  experience  and  accomplish¬ 
ments  would  lead  to  senior  research  chemists.  Some  years 
ago,  in  many  laboratories,  the  only  promotion  in  position 
and  salary  for  the  last-mentioned  group  was  to  administra¬ 
tive  positions,  with  the  result  that  the  most  successful  scien¬ 
tists  who  did  not  care  enough  for  the  title  or  for  the  prob¬ 
lems  of  supervisory  work  to  succeed  at  it  were  rewarded  only 
with  the  greatest  difficulty  for  their  scientific  success.  Man¬ 


agement  was  inclined  to  compare  the  salaries  of  the  inde¬ 
pendent  research  workers  with  those  of  production  and  sales 
supervisors,  using  the  number  of  persons  supervised  as  a  fac¬ 
tor;  this  worked  to  the  disadvantage  of  the  individual  re¬ 
search  man.  In  recent  years,  this  difficulty  has  been  recog¬ 
nized  in  most  companies,  and  new  titles  have  been  proposed 
which  facilitate  a  fair  evaluation  of  the  senior  technical 
man.  From  the  job  of  senior  research  chemist,  a  man  may 
progress  either  as  a  supervisor  or  as  an  individual  chemist 
and  for  the  latter  there  are  in  use  such  titles  as  research 
associate,  senior  research  associate,  research  counselor,  con¬ 
sultant,  and  senior  staff  member. 

After  the  definitions  of  positions  within  the  organization 
are  written  and  accepted  and  all  the  staff  are  classified  in 
accordance  with  the  requirements  set  forth,  it  is  wise  to 
make  his  information  available  to  the  department  heads 
ormal  announcement  can  be  made  of  the  new  titles  and 
any  person  may  obtain  his  own  job  title  from  his  supervisor 

itsv ;s^t^rounspromoti- 

y  ener  t0  the  persons  themselves  as 


322 


Industrial  Scientific  Research 

well  as  the  department  heads.  Promotions  might  also  be 
published  in  laboratory  or  company  publications. 

A  possible  progression  of  titles  in  a  chemical  research 
laboratory  might  include  the  following:. 


Research  Director 

/  .  \ 

Department  Head  Senior  Research  Associate 

\  / 

Research  Associate 

I 

Senior  Research  Chemist 

I 

Research  Chemist 
Chemist 

Senior  Laboratory  Technician 

Laboratory  Technician 

I  . 

Laboratory  Assistant 


There  is  a  difference  of  opinion  among  research  directors 
as  to  the  advisability  of  publishing  or  publicizing  organiza¬ 
tion  titles  of  the  research-laboratory  staff.  Many  feel  that 
although  such  classification  is  useful  and  sometimes  neces¬ 
sary  for  administrative  purposes,  it  should  not  be  empha¬ 
sized  except  when  titles  are  needed  for  supervisory  purposes. 
Some  directors  believe  that  it  is  best  to  classify  the  labora¬ 
tory  staff  only  broadly  and  that  the  use  of  titles  denoting 
progression  might  tend  to  interfere  with  the  desired  infor¬ 
mality  of  laboratory  organization. 

In  addition  to  the  prestige  factor,  classifications  and  job 
definitions  are  of  great  value  in  wage  and  salary  administra¬ 
tion.  Rate  ranges  can  be  determined  for  each  position  and 
provide  an  orderly  promotion  sequence  from  the  lower  to 
the  higher  jobs  with  comparable  changes  in  salaries.  At  firs 
glance,  evaluation  of  research  jobs  appears  to  be  difficu 
and  even  impossible.  A  beginning  can  be  made  with  the 
nontechnical  and  lower  technical  jobs,  however,  and  consi  - 
erable  progress  may  be  achieved  in  defining  the  requir  - 
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ments  of  the  supervisory  and  professional  jobs  them¬ 
selves. 

Usually  the  standards  and  ranges  for  nontechnical  jobs 
are  similar  to  those  in  other  divisions  of  the  company  and 
are  governed  to  some  extent  by  the  local  labor  situation. 
High-school  graduates  coming  to  the  research  laboratory  as 
semitechnical  assistants  are  usually  paid  less  than  begin¬ 
ners  in  production  divisions,  but  if  they  expect  to  go  on  to 
college  after  a  year  or  two  of  experience,  the  training  is  a 
kind  of  apprenticeship  that  makes  up  for  the  lower  compen¬ 
sation.  Men  with  such  daytime  laboratory  jobs  may  also 
have  a  better  opportunity  to  enroll  in  college  extension 
courses  at  night. 

The  majority  of  men  beginning  in  technical  jobs  come 
directly  from  college.  Those  with  bachelor’s  degrees  might 
be  classed  as  chemists  and  those  with  doctor’s  degrees  as 
research  chemists.  The  senior  technical  and  staff  jobs  can  be 
evaluated  by  over-all  comparisons  of  responsibilities  and 
functions  with  other  similar  jobs  in  the  company.  Doubtful 
cases  can  be  discussed  by  a  committee  of  technical  and 
supervisory  executives.  In  such  jobs  as  senior  research  asso¬ 


ciate,  the  person  himself  is  usually  the  biggest  factor  in 
making  the  job  rather  than  such  considerations  as  super- 
\isoiy  responsibility  or  other  administrative  functions,  and 
frequently  there  is  no  fixed  salary  limit. 

W  ith  all  salaried  classifications  properly  defined  and 
graded,  it  becomes  essential  to  develop  an  equitable  salary 
structure  that  can  be  fairly  administered.  In  this  process 
consideration  is  usually  given  to  prevailing  salary  levels 
within  the  company  and  those  of  selected  outside  companies 
Proper  levels  are  established  on  the  basis  of  job  comparisons 
with  other  companies  and  with  suitable  adjustments  to  pro¬ 
vide  a  fair  promotional  sequence  within  the  company 
Bracket  limits  are  established  in  proper  relation,  usually 
involving  an  overlap  between  ranges  y 

en!wftK°mPr'?.  aim  l°  maintain  salary  ^ales  that  will 
enable  them  to  attract  and  hold  a  high  type  of  personnel 
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Attractive  hiring  rates  alone  are  not  sufficient.  Most  impor¬ 
tant  is  the  company’s  ability  to  afford  opportunities  for  the 
consistent  growth  and  advancement  of  personnel  in  accord 
with  their  demonstrated  abilities  and  accomplishments. 

As  an  illustration  of  what  might  be  done,  the  technical 
jobs  in  the  classification  shown  on  page  322  might  be  given 
the  following  rate  ranges: 


Job  Title 

Chemist . 

Research  chemist  2  ... . 
Research  chemist  1  . . . . 
Senior  research  chemist 
Research  associate 
Senior  research  associate 


Rate  Range 

$250-$335  (per  month) 
300-  415 
400-  525 
500-  660 
590-  790 
700- 


The  task  of  reviewing  the  salaries  of  technical  men  with 
the  purpose  of  making  appropriate  changes  is  carried  out  in 
several  ways.  In  some  companies,  the  salaries  are  reviewed 
once  a  year;  in  others,  twice  a  year;  in  some,  at  indefinite 
times,  left  to  the  discretion  of  the  director.  In  some  cases, 
the  review  of  the  whole  staff  is  carried  out  at  the  end  of  the 
year  and  then  adjustments  made  at  the  first  of  the  next  year. 
Though  this  plan  frees  the  director  for  technical  work  during 
the  rest  of  the  year,  makes  budgeting  easier,  and  should 
mean  that  everyone  is  reviewed  under  similar  conditions,  it 
has  defects.  For  instance,  there  may  be  a  chance  that  morale 
would  be  affected  if  there  are  many  who  do  not  receive  raises 
at  such  a  well-known  preestablished  date.  Then,  too,  where 
the  staff  is  large,  the  reviews  may  be  hurried  and  inadequate 
consideration  given,  which  could  be  avoided  if  the  reviews 
were  spread  out  during  the  year.  Some  companies  avoid 
some  of  these  disadvantages  by  reviewing  the  departments 
of  the  laboratory  separately  at  different  times  during  the 
year,  although  the  actual  changes  in  salaries  may  be  made 
at  one  or  two  specific  times  during  the  year.  In  other  com¬ 
panies,  greater  emphasis  is  put  upon  the  anniversary  of  the 
man’s  employment  date,  and  changes  in  salary  are  made  at 
that  time.  Whatever  plan  is  followed,  the  greatest  care 
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should  be  taken  to  ensure  that  the  fullest  consideration  is 
given  to  each  man. 

The  mechanics  of  the  rate  review  are  fairly  simple.  Each 
department  head  is  furnished  with  a  list  of  his  present  staff, 
giving  the  present  salary  and  information  as  to  the  previous 
change.  The  general  company  policy  at  the  moment  regard¬ 
ing  the  amount  of  raises  for  the  department  can  be  dis¬ 
cussed  and  the  supervisor  asked  to  make  his  recommenda¬ 


tions  on  that  basis.  Consideration  of  individual  merit  should 
be  the  prime  factor,  and  outstanding  contributions  to  the 
work  of  the  laboratory  should  be  rewarded.  The  opportunity 
is  also  provided  of  appraising  general  improvement  in  the 
man’s  work  and  of  taking  care  of  cases  out  of  line  in  salary. 
A  policy  of  automatic  raises  of  specific  amounts  should  be 
avoided  in  the  opinion  of  the  majority  of  administrators, 
even  if  most  newcomers  to  the  staff  receive  raises  at  every 
opportunity  for  the  first  few  years. 

If  the  contribution  of  each  person  could  be  measured 
against  an  absolute  standard  and  a  number  or  value  assigned 
to  a  man,  it  would  be  easier  to  administer  salaries  and  make 
changes  in  them.  Such  a  desire  has  led  some  companies  to 
set  up  individual  rating  sheets  for  professional  people  simi- 
ar  to  those  for  production  and  clerical  employees.  At  least 
two  serious  problems  are  involved,  however,  which  make 
such  a  program  difficult  to  operate.  It  is  easier  to  set  up 
standards  for  measurement  of  performance  in  the  case  of 
production,  with  its  physical  output,  than  for  research  with 

lrha  rotemsThe  ^Scktog 

research  problems  are  rarely  similar  or  repetitive  so  tW 

the  setting  of  standard  performance  ratings  as  well  as  stand 
ard  costs,  as  was  pointed  out  in  y \t  •  ^  stand~ 

■Me-  The  advocafes  of  such  plans  foTpS: *  "’T*  impOS' 

usually  fall  back  upon  the  attempted 

Characteristics  as  enthusiasm,  cooperation  relil  l  i  SUeh 
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still  be  the  problem  of  training  the  research  supervisor  to 
rate  his  staff  carefully  and  accurately.  Research  directors 
and  supervisors  are  selected  rather  for  their  scientific  ability 
and  leadership  than  for  their  administrative  qualities  or 
knowledge  of  personnel  practices.  A  great  deal  of  time  and 
effort  (much  more  than  they  would  be  inclined  to  give) 
w'ould  be  necessary  to  ensure  all  raters  having  a  clear  picture 
of  the  standards  and  descriptive  terms  of  each  item  on  the 
rating  sheet,  so  that  each  person  would  be  rated  without 
being  subject  to  the  personal  feelings  of  the  different  super¬ 
visors.  For  these  reasons,  it  would  seem  advisable  to  intro¬ 
duce  any  rating  plan  cautiously  and  only  after  serious  con¬ 
sideration,  especially  if  it  resulted  in  a  specific  number  or 
rating  for  a  person  which  involved  a  rigid  salary  schedule. 
Until  considerable  experience  has  been  acquired  in  operating 
such  a  plan,  it  should  be  used  only  as  a  check  for  other  poli¬ 


cies  of  salary  administration. 

The  recommendations  of  the  department  heads  should  be 
carefully  reviewed  by  the  administration  group  of  the  labo¬ 
ratory  before  they  are  submitted  to  the  directoi  for  ap¬ 
proval.  Thus  the  individual  can  be  protected  from  a  lack  of 
interest  of  some  supervisors  for  their  men  and  their  salaries 
and  from  the  overenthusiasm  of  other  supervisors.  The  gen¬ 
eral  principle  of  equal  and  impartial  consideration  for  each 
man  should  be  followed  as  closely  as  possible.  For  this  pur¬ 
pose,  comparisons  in  several  ways  can  be  made  throughout 
the  whole  laboratory  to  check  the  recommendations  of  de¬ 
partment  heads  for  salary  changes.  The  proposed  changes 
for  all  the  men  in  any  one  class,  such  as  chemist  or  senior 
research  chemist,  can  be  studied  as  a  group.  Where  perform¬ 
ance  ratings  are  used,  that  for  an  individual  can  be  referred 
to  a  master  chart,  on  which  separate  salary  curves  are  drawn 
for  each  rating  for  men  at  various  ages.  Reference  to  the 
chart  shows  whether  the  man’s  present  salary  is  in  line  with 
the  proposed  salary  for  the  rating  and  age.  The  staff  can 
also  be  classified  according  to  age  or  year  of  each  man  s  firs 
or  bachelor’s  degree,  regardless  of  subsequent  cegree 
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length  of  service  with  the  company.  Such  a  chart  can  easily 
be  drawn  by  plotting  salaries  in  dollars  per  month  for  a 
40-hour  5-day  week  against  years  after  graduation.  The 
salary  should  be  base  pay  and  should  not  include  bonuses, 
cost-of-living  adjustment,  or  other  temporary  compensa¬ 
tions.  The  abscissa  is  years  since  the  first  professional  degree 
of  day  college  graduates  and  is  not  a  calculated  value  based 
on  age  or  evaluation  of  experience.  For  purposes  of  compari¬ 
son,  an  arbitrary  set  of  curves  gives  a  fairly  uniform  overlay 
of  general  salary  structures.  When  the  salaries  of  all  the  staff 
are  plotted  on  the  chart,  a  general  clue  is  given  to  the  prog¬ 
ress  of  the  staff  of  the  laboratory  and  surprising  inequities 
are  sometimes  revealed.  The  various  percentages  of  the  total 
staff  above  the  different  lines  can  also  be  calculated  and  used 
for  comparative  purposes.  For  instance,  comparisons  can  be 
made  between  different  departments  of  the  laboratory  to 
ensure  that  one  department  head’s  recommendations  will 
not  place  his  department  out  of  line  unfairly  with  others. 

The  Committee  on  Economic  Status  of  the  members  of 
the  American  Chemical  Society  (L.  W.  Bass,  chairman) 
published  extensive  reports  in  1942  and  1944  giving  various 
methods  of  comparing  salaries,  which  are  pertinent  to  this 
subject.1  Salaries  were  plotted  in  relation  to  educational 
level,  occupational  status,  source  of  employment,  and  field 

of  specialization.  Such  methods  are  valuable  in  salary  ad¬ 
ministration. 


When  the  salary  changes  are  approved  by  the  laboratory 
director  and  authorized  by  the  responsible  company  offi¬ 
cials,  the  approved  list  of  changes  should  be  returned  to  the 
department  head  for  him  to  notify  his  staff.  Although  this 
s  ou  d  be  a  pleasant  duty,  some  supervisors  neglect  it,  but  it 


1  Fraser,  A.,  Jr.,  The  Economic  Status  of  the  Members  nf  tv,*  a 
Z^Lmm^t’<ChemiCf  BngineerinO  20:1289,  1497,  S' 
of  the  Econoi’su: “  MeSre“onh:  t  ^  ^ 
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is  undesirable  to  let  a  man  discover  such  changes  from  his 
pay  envelope.  Such  occasions  provide  the  supervisor  with 
the  opportunity  of  pointing  out  not  only  the  successful  fac¬ 
tors  of  a  man’s  work  but  also  those  factors  which  retard  him 
from  greater  success.  Perhaps  the  more  unpleasant  task,  but 
one  which  should  be  imperative  for  any  leader,  is  that  of 
discussing  with  the  man  for  whom  no  raise  was  recommended 
the  reasons  for  this.  As  has  been  pointed  out  many  times, 
practically  every  research  worker  regards  salary  as  an  im¬ 
portant,  and  in  many  cases  as  the  most  important,  indica¬ 
tion  of  his  progress.  He  therefore  appreciates  any  frank  and 
helpful  discussion  which  will  enable  him  to  achieve  greater 
personal  success  and  to  increase  his  value  to  the  laboratory. 

Mention  should  be  made  of  the  incentive  bonus,  which  is 
used  in  perhaps  as  many  as  10  per  cent  of  the  established 
industrial  research  laboratories.  A  sum  of  money  is  set  aside 
from  the  year’s  profit  and  is  distributed  to  the  various  divi¬ 
sion  heads,  including  the  director  of  research,  who,  accord¬ 
ing  to  their  own  judgments,  allocate  the  various  amounts  to 
individuals.  The  object  of  such  a  bonus  in  a  laboratory  is  to 
reward  some  outstanding  achievement  in  pure  or  applied 
science  or  some  exceptional  effort  “beyond  the  line  of  duty,” 
even  though  no  particular  success  resulted.  It  is  given  to 
show  appreciation  of  a  particular  man’s  work  and  to  boost 
his  morale  without  changing  his  place  in  the  general  salary 
structure  or  organization.  The  method  of  payment  varies 
from  a  lump  sum  paid  in  cash  to  payments  made  over 
periods  of  1  to  5  years  and  in  some  cases  to  partial  payments 
in  cash  and  deposits  of  the  remainder  in  restricted  savings 
accounts.  Bonuses  are  usually  awarded  with  great  secrecy 
to  avoid  the  possibility  of  lowered  morale  on  the  part  ot 
those  who  do  not  receive  them  but  who  feel  that  t  eir  wor 
is  equally  meritorious.  If  the  just  administration  of  salaries 
is  difficult,  even  keener  exercise  of  judgment  is  reTurec 
award  bonuses,  especially  in  view  of  *e  complex. ty  o  mod¬ 
ern  industrial  research,  where  cooperative  effort  is  so  vita 
and  the  successful  achievement  may  have  depende  P 
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the  efforts  of  many  persons  all  along  the  line.  Any  factor 
which  might  induce  research  workers  to  secrete  information 
or  withhold  cooperation  with  others  in  the  hope  of  obtaining 
a  bonus  for  themselves  would  tend  to  reduce  teamwork. 
Although  there  must  be  times  in  every  research  director’s 
life  when  the  opportunity  of  giving  a  bonus  would  solve  a 
real  problem  of  reward  for  some  outstanding  contribution, 
the  possibility  of  weakening  his  reputation  for  justice  and 
fair  dealing,  built  up  after  many  years  of  careful  administra¬ 
tion,  must  be  considered.  There  are  many  laboratories, 
therefore,  where  the  prospect  of  a  bonus  plan  is  alluring  but 
where,  in  the  opinion  of  the  director,  the  dangers  outweigh 
the  advantages. 

Very  occasionally,  specific  payments  are  made  when  pat¬ 
ents  are  taken  out  and  assigned.  This  is  very  undesirable. 
Industrial  scientists  are  paid  to  discover  and  invent;  the 
results  of  their  work  belong  to  the  company.  Some  men  do 
work  which  leads  to  patents;  others  do  not.  Any  discrimina¬ 
tion  based  on  the  nature  of  the  results  obtained  inevitably 
leads  to  ill  feeling. 


Chapter  XVIII 


Supplies  and  Services 


A  ll  laboratories  must  have  a  system  for  procuring  and 
/\  distributing  supplies  and  equipment.  In  large  labora- 
tories  this  service  is  usually  one  of  the  responsibilities 
of  the  business  manager ;  who  delegates  the  details  to  one  of 
his  assistants.  The  size  of  the  group  directly  concerned  with 


supplies  and  equipment  varies  according  to  the  size  of  the 
laboratory  and  depends  upon  its  relationship  with  the  other 
purchasing  departments  in  the  company.  In  most  labora¬ 
tories  which  are  located  in  or  close  to  the  operating  depart¬ 
ments,  the  details  of  purchasing  are  handled  by  the  com¬ 
pany  purchasing  department.  This  arrangement  relieves 
the  laboratory  of  a  good  deal  of  routine  work  and,  conse¬ 
quently,  the  need  for  maintaining  a  large  section  to  handle 
such  details.  The  laboratory  simply  makes  out  requisitions, 
which  are  turned  over  to  the  purchasing  department  for 
execution.  A  few  laboratories  prefer  to  order  supplies  and 
equipment  directly,  without  going  through  a  central  pur¬ 
chasing  department,  but  this  practice  is  not  common  unless 
the  laboratory  is  separated  geographically  from  the  factory. 

Practically  all  laboratories  have  some  form  of  central 
supply  or  stock-room  system,  in  which  more  or  less  standard 
items  are  kept  for  distribution.  Many  items  are  not  com¬ 
monly  used  but  are  needed  for  particular  research  problems. 
To  obtain  them,  the  research  worker  usually  makes  out  a 
requisition,  which  is  approved  by  different  persons,  depend¬ 
ing  upon  the  amount  of  the  expenditure  involved. 

The  way  in  which  charges  for  equipment  and  supplies  are 
distributed  varies  in  different  laboratories.  Th's  pomt^ 
illustrated  in  the  answers  given  by  a  number  of  labo  a 
to  the  following  question: 
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What  types  of  supplies  and  equipment  are  purchased 
directly  for  and  charged  to  specific  departments,  problems, 
and  so  forth,  and  which  are  charged  to  general  laboratory 
expense t 


1.  Expense  supplies  such  as  chemicals  and  electrical  apparatus 
are  charged  directly  to  the  department.  Depreciation  on  capital 
equipment  is  charged  to  the  department  through  overhead  ac¬ 
counting.  Office  supplies  and  small  items  of  expense  are  charged 
to  the  general  overhead  account. 

2.  Supplies  such  as  beakers  and  chemicals  are  charged  to  over¬ 
head.  Regular  equipment  of  standard  type,  e.g.,  ring  stands  and 
burners,  is  also  charged  to  overhead. 

3.  Normal  supplies  are  charged  to  laboratory  overhead  or  gen¬ 
eral  expense,  except  physical  capital  equipment,  which  is  charged 
to  plant  account.  Special  materials  required  for  a  specific  problem 
are  charged  to  the  problem. 

^  4.  Apparatus  and  equipment  are  charged  to  the  projects. 
Chemicals  are  charged  to  overhead  except  for  large  quantities  or 
expensive  items,  which  are  charged  to  the  project.  Office  supplies 
are  charged  to  overhead. 

5.  In  general,  items  are  charged  to  projects  except  those  which 
are  a  continuing  asset  to  the  laboratory.  They  are  charged  to  gen¬ 
eral  laboratory  expense  and  prorated  among  projects 

6.  All  equipment  not  capitalized  is  charged  to  a  specific  project. 

orts  are  made  to  concentrate  charges  on  specific  projects.  Office 

supplies  and  maintenance  supplies  are  charged  to  general  labora¬ 
tory  expense. 


From  these  answers,  it  appears  that  in  some  laboratories 
supplies  and  equipment  which  are  not  distributed  through 
a  central  stock-room  system  are  charged  directly  to  the 
problems  and  in  other  laboratories  such  charges  are  con! 

The  amount  of  detail  devoted  to  the  keeping  of  costs  of 
supplies  and  equipment  varies.  Some  laboratories  require 
hat  almost  all  charges  for  equipment  and  supplL  even 
ose  involving  only  small  sums,  be  made  directly  to  the 
problem  numbers.  It  is  more  common,  howeve^o  [umpS 
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cost  of  small  items  into  an  overhead  account,  which  is  dis¬ 
tributed  among  the  problems.  It  is  generally  agreed  that  the 
cost  of  keeping  track  of  minor  purchases  should  not  be  out 
of  proportion  to  the  value  of  the  accounting  record  or,  in¬ 
deed,  of  the  items  themselves.  For  this  reason,  the  tendency 
in  large  laboratories  is  to  consider  minor  purchases  as  over¬ 
head. 

The  mechanism  for  authorizing  the  purchase  of  supplies 
and  equipment  is  similar  in  most  laboratories.  Usually  the 
research  worker  makes  out  a  requisition,  which  is  approved 
by  the  department  head  and,  if  necessary,  by  the  business 
manager  or,  in  small  laboratories,  the  director.  Although 
the  exact  point  at  which  approval  must  be  secured  from  the 
business  manager  or  director  varies,  in  many  laboratories 
items  under  $50  can  be  approved  by  the  department  head 
and  items  costing  more  than  $50  by  the  business  manager 
or  director.  The  system  of  approval  by  the  manager  or 
director  used  in  different  laboratories  depends  upon  the 
authority  delegated  by  the  director  to  the  business  manager. 
A  fairly  typical  example  of  the  general  system  is  that  used 
by  one  laboratory.  The  group  head  approves  items  costing 
up  to  $50;  a  representative  of  the  business  manager,  items 
costing  up  to  $100;  the  business  manager,  items  between 
$100  and  $1,000;  and  the  director,  items  costing  over  $1,000. 
As  discussed  in  the  section  on  financial  administration, 
costly  capital  items  are  usually  approved  by  the  director 
and  also  by  the  company  management.  Expense  items  do 
not  usually  require  authorization  outside  the  laboratory. 

Most  laboratories  grant  the  individual  research  man  con¬ 
siderable  freedom  in  specifying  the  type  and  source  of 
equipment  that  he  wishes  to  order.  The  business  manager 
or  his  staff  usually  reviews  such  requisitions,  however  and 
also  makes  sure  that  the  equipment  is  not  already  aval  able 
in  the  laboratory.  The  business  manager  not  only  must  en- 
sure  against  unnecessary  duplication  but  also  must  advise 
the  director  when  he  feels  that  unnecessary  expend  tu  e 
being  made  for  equipment  and  supplies.  The  director 
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can  then  discuss  the  matter  with  the  department  head  and 
research  worker  on  a  technical  basis. 

Besides  equipment  and  supplies  needed  directly  for  ex¬ 
perimentation,  certain  more  or  less  personal  items  are  used 
by  the  workers  in  the  laboratory,  including  such  articles  as 
laboratory  clothing,  slide  rules,  and  books.  The  general  prac¬ 
tice  in  large  laboratories  is  not  to  purchase  such  personal 
supplies  for  the  workers  unless  they  are  needed  for  a  par¬ 
ticular  problem  or  program.  Slide  rules  are  purchased  not 
for  the  individuals  but  for  departments  when  the  wrork  re¬ 
quires  a  large  amount  of  calculation.  Similarly,  laboratory 
clothing  is  supplied  to  workers  where  needed  to  protect  the 
product,  where  unusual  hazards  to  person  or  clothing  exist, 
or  for  other  special  reasons.  It  is  not  common  practice  to 
supply  laboratory  handbooks,  although  they  may  be  pur¬ 
chased  for  departments. 


Most  research  laboratories  are  considerably  more  lax  in 
keeping  inventories  of  capitalized  equipment  than  are  other 
company  departments.  There  are  several  reasons  for  this, 
one  of  which  is  that  only  a  small  percentage  of  such  equip¬ 
ment  can  be  used  for  work  other  than  that  for  which  it  was 
originally  purchased.  Inventories  are  sometimes  kept  for  in¬ 
ternal  laboratory  reasons,  however,  the  principal  one  being 
to  ensure  that  the  laboratory  management  knows  what  idle 
equipment  is  available  for  general  laboratory  use  Almost 
never  is  an  inventory  made  of  ordinary  laboratory  ware  or 
common  supplies  such  as  chemicals. 


One  problem  common  to  all  laboratories  is  that  of  dispos 

v  of  emiinmonl  ,  ,  .  Ui&pus 


transferred  to  a  storage  space,  where 


it  remains  until 
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the  space  is  needed  for  the  storage  of  other  equipment; 
only  then  is  it  scrapped.  Usually  no  records  of  equipment  in 
storage  are  kept  in  any  one  place,  although  sometimes  the 
laboratory  engineer  or  some  other  person  is  responsible  for 
knowing  what  is  in  storage  and  for  seeing  that  it  is  used  if 
possible. 

Many  standard  types  of  apparatus  and  supplies  are  kept 
in  central  stock  rooms  for  distribution  to  the  laboratory  per¬ 
sonnel.  The  types  and  quantities  of  the  different  items 
stocked  depend  upon  the  demand  for  them  and,  of  course, 
vary  with  the  character  of  the  work  carried  on  in  the  labora¬ 
tory.  The  particular  items  that  should  be  stocked  can  be 
determined  only  by  the  experience  of  the  laboratory.  Chem  • 
ical  laboratories  stock  organic  and  inorganic  chemicals  as 
well  as  glassware,  rubber  tubing,  and  other  items.  Physical 
and  electrical  laboratories  stock  such  items  as  galvanometers 
and  resistors.  Some  of  the  supplies  furnished  to  research  men 
in  industrial  research  laboratories  are  treated  as  a  loan,  and 
others  are  distributed  with  no  intention  that  they  be  re¬ 
turned.  Instruments  such  as  galvanometers,  stop  watches, 
and  voltmeters  are  frequently  lent  to  the  men,  whereas  ex¬ 
pendable  materials,  such  as  chemicals,  are  distributed  out¬ 
right. 

A  record  of  equipment  on  loan  is  usually  kept  by  a  card- 
index  system,  so  that  periodic  checks  can  be  made  on 
whether  it  is  in  use  or  can  be  returned  to  stock.  If  apparatus 
is  to  be  used  permanetly  in  a  laboratory  installation,  it  is 
usually  transferred  to  the  department  and  becomes  a  part  of 
the  departmental  supplies.  In  some  laboratories,  instru¬ 
ments  that  have  been  borrowed  are  checked  when  they  are 
returned,  and  any  costs  of  repairs  are  charged  either  to  over¬ 
head  or  to  the  problem  of  the  last  user.  A  very  few  labora¬ 
tories  have  a  system  by  which  apparatus  is  periodica  y 
checked  for  calibration  and  operation,  but  this  is  unusual 


though  probably  advantageous.  ,  ,  •  i 

Most  of  the  items  kept  in  the  stock  rooms  of  industrial 

laboratories  are  not  charged  to  any  specific  account  or  ac- 
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counts  but  are  considered  as  overhead.  Some  laboratories 
require  requisitions,  even  for  minor  items,  indicating  the 
problem  or  project  number  for  which  the  item  is  needed. 
The  requisitions  are  used  by  the  accounting  department  in 
compiling  the  total  cost  of  the  problems  or  projects.  The 
final  consideration  in  determining  whether  items  should  be 
charged  to  problems  or  to  general  overhead  depends  upon 
the  detail  in  which  the  director  wishes  to  know  the  cost  of 
individual  problems  or  projects  and  the  relative  cost  of 
keeping  records  to  supply  these  figures.  Many  directors  feel 
that  keeping  detailed  costs  of  minor  items  serves  no  useful 
purpose  and  is  an  unnecessary  expense. 

Practice  varies  in  granting  research  workers  access  to  the 
laboratory  stock  rooms.  In  some  laboratories,  the  men  are 
free  to  go  directly  into  the  stock  room  and  take  what  they 
wish.  Some  laboratories  require  persons  taking  supplies 
from  the  stock  room  to  fill  out  a  requisition  to  assist  the 
stockkeepers  to  maintain  a  running  inventory  as  an  aid 
to  keeping  supplies  on  hand.  Usually  men  are  not  permitted 
to  take  costly  instruments  from  a  stock  room  without  leav¬ 
ing  some  record,  and,  indeed,  in  most  cases  the  instrument 


stock  room  is  separated  from  the  general  supplies,  and  all 
transactions  are  handled  by  a  stock  attendant. 

The  methods  of  distributing  supplies  and  equipment  in 
industrial  laboratories  may  differ,  but  the  general  principle 
which  should  be  followed  is  to  establish  a  system  by  which 
the  research  workers  can  get  what  they  need  with  a  mini¬ 
mum  of  red  tape  and  delay.  If  this  detail  is  taken  care  of, 
the  keeping  of  costs  of  interest  to  the  director  and  business 
manager  will  have  no  effect  on  the  laboratory  work. 

In  all  research  laboratories,  it  is  necessary  to  purchase  or 
construct  special  equipment.  Depending  upon  the  type  of 
work  and  other  factors,  the  amount  of  such  equipment 
varies  considerably  from  laboratory  to  laboratory.  In  many 
chemical  laboratories,  much  of  the  development  consists  in 
pilot-p  ant  operations  using  standard  chemical  engineering 
apparatus,  whereas  the  research  work  usually  involves  avail- 
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able  instruments,  such  as  spectrophotometers,  pH  meters, 
and  electrical  equipment. 

In  general,  the  small  laboratory  or  the  laboratory  con¬ 
cerned  primarily  with  chemical  operations  has  few  calls  for 
special  equipment  that  cannot  be  purchased.  Laboratories 
engaged  in  physical  and  physicochemical  research,  on  the 
other  hand,  have  constant  need  for  special  equipment,  and 
such  laboratories  almost  invariably  have  an  engineering  or 
instrumentation  section  for  the  design  and  construction  of 
special  apparatus.  The  size  of  such  instrumentation  and  engi¬ 
neering  groups  depends  upon  the  type  of  work  and  the  size 
of  the  laboratory;  in  very  large  physical  laboratories  the 
groups  may  be  large.  In  a  laboratory  like  that  of  the  East¬ 
man  Kodak  Company,  where  many  of  the  problems  involve 
techniques  that  are  not  common  to  other  scientific  investi¬ 
gations,  the  need  for  adequate  instrumentation  service  is 
great. 

In  laboratories  where  the  need  for  special  equipment  re¬ 
quires  the  establishment  of  an  engineering  or  instrumenta¬ 
tion  department,  it  is  usually  part  of  the  laboratory  service 
section  and,  as  such,  is  under  the  control  of  the  business 
manager.  It  is  usually  headed  by  a  mechanical  engineer  or 
a  physicist;  it  includes  the  instrument,  carpenter,  glass- 
blowing,  and  other  shops  of  the  laboratory  and  designs  or 
assists  in  the  design  of  special  apparatus  for  the  research 
workers. 

It  appears  to  be  quite  common  in  most  laboratories  for  the 
research  men  to  complain  that  the  shop  service  is  inade¬ 
quate.  This  complaint  may  not  always  be  justified.  Also, 
the  management  of  the  laboratory  must  exercise  some  con¬ 
trol  so  that  the  scientists  do  not  order  instruments  which 
they  do  not  need  or  which  are  much  more  elaborate  and 
precise  than  are  required  for  the  work.  The  man  in  charge 
of  the  shops  must  advise  in  this  respect,  although  he  must 
not  be  allowed  such  absolute  authority  that  he  might  inter¬ 
fere  with  the  research  and  development  programs.  To  enable 
the  technical  staff  of  the  laboratory  to  plan  their  work,  a 
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mechanism  must  be  set  up  for  an  order  of  priority  so  that 
the  scientists  can  have  a  fairly  definite  idea  as  to  when  their 
particular  shop  job  will  be  completed. 

The  experience  of  many  laboratories  has  been  that  it  is 
less  costly  and  more  satisfactory  to  purchase  rather  than 
build  special  equipment  if  it  is  available  on  the  market. 
Apparatus  makers  have  in  the  past  10  years  manufactured 
many  special  instruments,  and  this  development  has  been  of 
major  importance  in  increasing  the  output  of  physical  re¬ 
search. 

A  valuable  service  which  the  central  engineering  group  can 
provide  for  the  laboratory  staff  is  advice  on  the  purchase 
of  apparatus  and  equipment.  The  engineering  group  almost 
necessarily  has  a  broader  knowledge  of  many  types  of  equip¬ 
ment  than  the  research  men  and,  consequently,  are  in  a 
position  to  make  helpful  suggestions.  On  the  other  hand,  it 
is  seldom  desirable  to  allow  the  engineering  group  to  make 
the  final  decision  on  the  particular  type  of  equipment  which 
should  be  purchased.  The  research  men  are  more  familiar 
with  the  needs  of  their  problems,  and  unless  they  make  an 
obvious  error  in  selecting  apparatus  to  be  purchased,  they 
should  be  allowed  to  make  their  own  decisions. 

The  research  men  should  also  be  permitted  to  make  quite 
specific  recommendations  for  the  design  of  special  appa¬ 
ratus,  but  the  engineering  head  should  assume  the  responsi¬ 
bility  for  seeing  that  it  will  function.  If  the  scientist  and  the 
engineer  do  not  agree  on  the  best  way  to  solve  the  mechan¬ 
ical  problems  in  instrument  building,  the  scientist  must 
accept  the  responsibility  for  the  correctness  of  the  basic 
principles  and  the  engineer  must  be  responsible  for  the 
mechanical  execution  of  these  basic  principles. 

The  research  director  and  the  department  heads  must  see 
that  the  scientific  workers  do  not  spend  too  much  time  or 
money  in  doing  a  job  that  the  engineering  department  is 
set  up  to  do  Some  men  by  nature  are  most  content  when 
they  are  building  instruments  and  are  not  much  interested 
m  making  measurements  or  deriving  new  scientific  data 
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from  the  instruments.  Other  workers  like  to  carry  out  all 
of  the  technical  operations  with  their  own  hands  and  may 
waste  a  considerable  amount  of  time  doing  things  that  can 
be  performed  more  efficiently  and  accurately  by  means  of 
special  apparatus. 

Instrument  design  or  construction  can  be  carried  out  in 
different  ways.  The  research  man  can  indicate  to  the  engi¬ 
neer  what  his  problem  is  and  what  must  be  accomplished 
by  the  particular  apparatus  or  instrument,  leaving  it  to  the 
engineer  to  design  and  construct  it.  This  procedure  can  be 
followed  for  simple  types  of  equipment  with  which  the 
engineering  section  is  familiar  or  where  only  mechanical 
principles  are  involved.  In  a  second  system,  the  scientist 
works  closely  with  the  engineering  division  in  designing 
and  constructing  the  instrument;  he  prepares  preliminary 
sketches,  works  with  the  designer,  and  may  actually  follow 
the  details  of  mechanical  construction.  This  method  is  par¬ 
ticularly  desirable  where  it  is  not  possible  to  construct  a 
complete  apparatus  without  testing  it  at  intermediate 
stages.  In  a  third  system,  the  scientist  has  assigned  to  him 
a  designer  who  works  directly  with  him  and  prepares  de¬ 
tailed  drawings,  which  are  then  turned  over  to  the  shops  for 
final  construction  of  the  apparatus.  It  appears  that  some 
provision  must  be  made  for  all  of  these  systems  because 
research  men  work  in  different  ways:  some  prefer  to  have 
no  part  in  mechanical  problems;  others  are  more  mechan¬ 
ically  inclined  and  can  profitably  concern  themselves  with 
details. 

The  actual  operation  of  laboratory  engineering  depart¬ 
ments  varies  in  detail.  In  some  laboratories  all  work  must 
pass  through  the  engineer  in  charge,  and  the  contact  be¬ 
tween  the  individual  scientist  and  the  machinist  or  tech¬ 
nician  in  the  shop  is  remote.  In  other  cases,  such  contact  is 
very  intimate,  and,  indeed,  an  individual  technician  may  be 
assigned  to  the  scientist  and  work  on  a  construction  job 
more  or  less  under  his  direction,  with,  of  course,  the  advice 
of  the  engineer.  In  another  system  sometimes  used  in  con- 


339 


Supplies  and  Services 

junction  with  those  mentioned  above,  certain  shop  facilities 
are  made  available  to  the  scientific  staff  to  do  shop  work 
themselves;  sometimes  one  or  more  technicians  are  assigned 
to  this  shop  to  give  direct  assistance  to  the  men.  Perhaps 
the  best  system  is  one  in  which  the  engineering  department 
is  staffed  well  enough  to  provide  complete  design  and  con¬ 
struction  service  and,  at  the  same  time,  to  allow  the  indi¬ 
vidual  research  men  to  work  closely  with  the  technicians. 

Whether  facilities  should  be  provided  for  the  research  men 
to  do  their  own  machine  work  within  the  scientific  depart¬ 
ments  is  a  question  which  arises  in  many  laboratories.  The 
general  consensus  is  that  it  is  best  to  concentrate  the  shop 
facilities  in  one  central  group  under  the  supervision  of  a 
laboratory  engineer  rather  than  to  distribute  small  shops 
throughout  the  laboratory.  In  some  laboratories,  however, 
the  central  shop  facilities  have  been  inadequate,  and  it  has 
been  necessary  for  the  individual  departments  to  set  up 
their  own  shops.  The  trend  is  to  avoid  this  practice,  if  pos¬ 
sible,  because  the  duplication  of  equipment  and  machine 
tools  is  costly  and  also  because  scientists  who  can  better 
spend  their  time  doing  research  are  drawn  into  machine 
work  for  which  they  are  not  particularly  well  qualified. 

The  cost  of  machine  work  in  different  laboratories  varies 
considerably.  In  physical  laboratories  or  in  those  in  which 
special  types  of  chemical  engineering  work  are  done,  such 
costs  may  run  as  high  as  $7,000  a  year  per  professional  man. 
They  range  down  to  $200  or  less  per  year  per  professional 
man  for  laboratories  in  which  the  major  emphasis  is  on 
chemical  research. 

In  many  large  companies,  there  are  central  machine  shops 
and  electrical  shops  which  are  competent  to  make  apparatus 
and  instruments.  I  he  research  laboratories  in  such  com¬ 
panies  frequently  have  a  good  share  of  their  mechanical 
work  done  in  these  company  shops,  reserving  for  their  own 
shops  those  problems  where  fairly  direct  contact  between 
the  research  worker  and  the  technicians  is  required.  How¬ 
ever,  it  appears  to  be  the  general  experience  that  it  is  appre- 
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ciably  less  costly  to  do  the  machine  work  in  the  laboratory 
than  it  is  to  send  it  out  to  company  shops.  One  reason  is 
that  work  done  outside  of  the  laboratory  usually  requires 
much  more  detailed  design,  which  is  quite  costly.  Some  labo¬ 
ratories  also  have  shopwork  done  in  private  instrument  and 
machine  shops,  and  their  experience  appears  to  be  satisfac¬ 
tory  provided  that  the  research  workers  can  keep  in  close 
touch  with  the  construction. 

Most  laboratories  do  not  have  facilities  for  repairing 
delicate  instruments,  such  as  galvanometers  and  precision 
instruments;  the  general  practice  being  to  send  such  instru¬ 
ments  back  to  the  manufacturer  for  repairs;  a  few  labora¬ 
tories  or  plant  engineering  departments  maintain  such  a 
repair  service  Very  few  laboratories  have  facilities  for  stand¬ 
ardizing  instruments,  but  some  companies  provide  such 
service  on  a  company-wide  basis. 


Chapter  XIX 


The  Design  of  a  Laboratory  for  a  Specific  Industry 


The  previous  chapters  describe  the  operation  of  exist¬ 
ing  research  laboratories.  In  some  cases  the  earlier  his¬ 
tory  of  these  laboratories  is  known,  but,  in  general, 
the  literature  concerning  industrial  research  lays  little  stress 
upon  the  problems  that  beset  the  early  days  of  a  laboratory. 

In  strict  logic,  a  new  industrial  laboratory  should  be  or¬ 
ganized  after  a  carefully  planned  decision  by  the  manage¬ 
ment  of  a  company,  a  decision  based  upon  a  realization  of  a 
need  for  certain  information  and  implemented  in  order  to 
attain  certain  objectives.  It  would  be  preceded  by  an  analysis 
of  the  company  s  operations  and  of  the  markets  which  might 
be  gained  by  improved  or  new  products  or  processes.  W.  R. 
Maclaurin  says:  1  “My  own  experience  has  been  that  many 
companies  conducting  industrial  research  have  not  made  up 
their  minds  what  it  is  they  want  to  do.  ...  I  would  suggest 
that  the  first  step  that  a  company  that  has  not  much  ex¬ 
perience  with  scientific  research  should  take  is  to  determine 
policy  objectives.” 

However,  the  authors  do  not  believe  that  such  a  prelimi¬ 
nary  analysis  of  objectives  would  be  advantageous  in  start¬ 
ing  a  research  laboratory.  Industrial  laboratories  may  have 
been  started  as  the  result  of  such  an  analysis,  but  those 
known  to  the  authors  did  not.  They  were  essentially  experi¬ 
ments.  Some  executive  of  a  company  decided  that  a  research 
department  would  be  of  value,  and  he  either  expanded  on 
existing  testing  or  control  laboratory  or  started  a  new  lln 
ratory  altogether  under  the  management  of  a  un 
eniployed  for  the  purpose.  Moreover,  th^e s“  ^T- 
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ments  were  usually  begun  on  a  small  scale.  When  Whitney 
was  asked  by  E.  W.  Rice,  Jr.,  to  start  research  for  the  Gen¬ 
eral  Electric  Company  at  Schenectady,  the  original  arrange¬ 
ment  was  that  Whitney  would  be  at  Schenectady  only  part 
of  his  time  and  would  continue  to  serve  as  an  instructor  at 
the  Massachusetts  Institute  of  Technology,  and  the  labora¬ 
tory  was  installed  in  a  barn. 

Research  laboratories  have,  in  some  cases,  started  as  the 
result  of  the  work  of  individual  consultants  or  of  private 
consulting  laboratories  and,  in  others,  as  the  result  of  a 
successful  research  program  carried  out  in  a  technological 
research  institute. 

The  great  amount  of  experience  which  has  been  accumu¬ 
lated  in  the  conduct  of  industrial  research  makes  it  much 
easier  to  plan  the  organization  of  a  laboratory  for  a  specific 
industry  than  was  the  case  some  years  ago.  It  would  prob¬ 
ably  be  unwise,  nevertheless,  for  a  business  to  organize  a 
large  laboratory  without  some  preliminary  small-scale  ex¬ 
perience  in  the  conduct  of  research.  A  company  that  desires 
to  operate  its  own  research  department  should  be  content 
to  start  it  on  a  small  scale,  with  the  expectation  that  expan¬ 
sion  comes  from  success.  It  should  be  anticipated,  moreover, 
that  the  degree  of  success  to  justify  expansion  might  require 
several  years’  research.  When  Mees  started  the  Kodak  Re¬ 
search  Laboratories,  he  told  George  Eastman  that  the  labo¬ 
ratory  would  probably  not  justify  its  existence  financially 
for  5  years  and  would  not  affect  the  earnings  of  the  company 
in  less  than  10,  a  prophecy  that  proved  more  accurate  than 
such  prophecies  usually  do.  When  a  company  states  that  its 
research  department  has  proved  of  great  value  m  a  short 
time,  it  may  be  concluded  that  the  whole  technology  of  the 


company  was  in  a  very 


unsatisfactory  state  and  that  what 


was  wanted  was  not  so  much  a  research  laboratory  as  a 

new  technical  staff.  . 

Assume,  then,  that  the  board  of  directors  or  some  senio 

executive  of  a  company  decides  that  a  research  department 

should  be  started  to  realize  some  of  the  objectives  previous 
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discussed  (Chap.  Ill,  page  43).  If  the  company  already 
has  in  its  employ  a  competent  scientific  man  who  has  given 
evidence  of  capacity  for  original  thought  and  executive  abil¬ 
ity,  one  of  its  greatest  problems  is  solved,  since  this  man 
is  available  to  act  as  the  director  of  the  new  department. 
Similarly,  if  the  company  is  already  engaged  in  some  scien¬ 
tific  research,  either  through  a  consultant  or  in  a  research 
institute,  one  of  the  men  engaged  in  the  work  can  probably 
transfer  to  the  new  department.  If  no  one  from  the  com¬ 
pany’s  existing  staff  or  from  its  connections  is  available,  a 
director  for  the  new  undertaking  must  be  found  elsewhere. 

The  qualifications  for  a  director  of  research  are  discussed 
in  detail  in  Chap.  X,  but,  in  addition  to  those  qualifications, 
there  is  one  that  is  very  important  for  a  new  laboratory. 
The  man  should  be  young.  Whitney  was  thirty-one  when  he 
went  to  Schenectady.  Frary  was  thirty-five  when  he  or¬ 
ganized  the  research  department  of  the  Aluminum  Company 
of  America,  and  Mees  was  thirty  when  he  went  to  Rochester. 
These  men  had  established  their  reputations  as  capable  re¬ 
search  men,  but  they  were  very  young  for  such  responsible 
positions.  Company  executives  might  easily  feel  tempted  to 
offer  the  directorship  of  a  new  laboratory  to  an  older  and 
more  experienced  man,  perhaps  one  who  had  already  had 
experience  in  industrial  research.  This  temptation  should  be 
resisted.  The  new  director  has  to  learn  the  whole  technology 
of  the  business,  and,  as  already  explained,  it  may  be  10 
yeais  before  the  laboratory  establishes  itself  as  a  successful 
creative  organization.  A  director  starting  at  thirty  years  of 
age  will  be  forty  years  old  when  the  laboratory  enters  its 
great  period  of  growth  and  production,  and  he  can  expect 
t°  guide  it  for  another  20  years.  The  value  of  that  expecta¬ 
tion  is  so  great  that  it  is  well  worth  the  risk  of  taking  a 
young  and  unproved  man  at  the  beginning.  Also,  as  Mac- 
laurin  says:  “The  building  up  of  a  new  research  department 
is  a  young  man’s  game.  Young  men  have  the  energy  and 
enthusiasm  that  are  required,  and  they  are  more  ready  to 
explore  new  and  untried  approaches.” 
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Perhaps  the  greatest  mistake  that  can  be  made  is  to  place 
an  old  and  trusted  employee  experienced  in  the  technology 
of  the  business  in  a  position  of  authority  over  the  newly 
established  research  department.  Even  the  best  of  such 
experienced  employees  know  far  too  many  things  that  can¬ 
not  be  done.  Hence,  the  executive  responsible  for  the  organi¬ 
zation  of  the  new  research  department  must  study  a  number 
of  available  men,  all  young  and  all  experienced  in  active 
scientific  research,  and  finally  select  one  on  whom  he  is  will¬ 
ing  to  pin  his  faith. 

The  director  so  chosen  should  be  made  responsible  directly 
to  the  higher  management,  and  the  expectation  should  be 
that  he  will  be  made  a  member  of  the  higher  management 
after  he  has  proved  successful  in  the  task  entrusted  to  him. 
A  scientist  suitable  for  the  direction  of  an  industrial  re¬ 
search  laboratory  usually  appreciates  the  businessman’s 
point  of  view,  and  his  influence  in  the  general  management 
of  the  company  may  be  very  valuable.  He  should,  however, 
remain  a  scientist  and  not  become  absorbed  in  general  ad¬ 


ministrative  problems,  or  his  scientific  work  will  suffer. 

The  budget  assigned  to  the  new  research  laboratory 
should  be  chosen  with  the  element  of  growth  clearly  in 
mind.  The  initial  budget  should  not  exceed  20  per  cent  of 
the  total  amount  that  the  company  might  reasonably  expect 
it  to  reach  in  10  years’  time.  It  should  be  doubled  about 
every  3  years  at  first.  In  the  case  of  small  companies,  it  is 
necessary  to  spend  a  greater  proportion  in  the  beginning  and 
increase  the  amount  only  in  proportion  to  the  growth  of 

the  company.  .  , 

The  new  director,  if  he  is  not  already  acquainted  with  the 

technology  of  the  business,  must  spend  much  of  his  time 
learning  the  business  itself,  studying  not  only  the  manu¬ 
facturing  processes  but  the  sales  and  distribution  systems 
and  the  general  accounting  and  cost  systems  used.  1  s  e 
research  director  begins  to  understand  the  operations  of  the 
company  and  acquires  space  and  equipment  or  °P®^a  , 

the  laboratory,  he  should  draft  his  initial  program  and 
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organize  his  staff.  He  will  probably  do  well  to  organize  his 
laboratory  at  first  according  to  the  fields  of  science  in  which 
he  intends  to  work.  He  must  obtain  most  of  his  staff  from 
the  universities,  and  there  the  graduates  are  classified  by  the 
fields  of  science  in  which  they  have  specialized. 

It  is  probably  unwise  for  the  executives  of  a  company  to 
attempt  to  lay  down  any  definite  program  for  the  work  of 
their  new  laboratory.  They  will  certainly  desire  to  do  so, 
and  the  research  director,  probably  still  unacquainted  with 
the  technology  of  the  business,  may  welcome  this.  But  such 
a  program  is  likely  to  fritter  away  the  energy  of  the  new 
department  on  the  solution  of  minor  problems  that  have 
proved  troublesome  in  the  past.  This  energy  should  be 
spent,  rather,  on  study  of  the  basic  technology  of  the  busi¬ 
ness  from  the  standpoint  of  experimental  science.  Once  the 
management  definitely  decides  to  have  a  research  depart¬ 
ment  and  that  it  is  prepared  to  pay  the  price,  it  should 

keep  its  hands  off  and  protect  the  department  against  inter¬ 
ference. 


One  of  the  first  steps  in  the  organization  of  a  new  labora¬ 
tory  is  usually  the  erection  of  a  building.  This  procedure  is 
natural  because  the  new  building  is  a  visible  and  material 
sign  of  the  intention  of  the  management  to  carry  out  a  pro¬ 
gram  of  research.  Not  infrequently,  research  laboratories 
are  used  to  some  extent  for  display  and  propaganda.  There 
is  no  Objection  to  this  type  of  advertising  if  it  does  not  divert 
the  director  and  staff  from  their  proper  work.  An  unneces¬ 
sarily  expensive  building  may  require  too  large  a  proportion 
of  the  research  budget  for  depreciation  charges. 

SSgS 

In  the  first  edition  of  this  book  the  H  ^ ?  acquirett' 

nls  Dook-  the  Principles  involved 
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in  the  organization  of  new  laboratories  were  illustrated  by 
two  examples,  and  they  still  serve  the  purpose. 

The  first  is  a  laboratory  suitable  for  an  industrial  under¬ 
taking  whose  business  is  the  dyeing  of  textiles.  An  analysis 
of  the  laboratory  work  indicates  that  there  are  two  main 
fields  of  science  involved,  chemistry  and  physics,  and  that 
probably  its  research  divisions  should  be  set  up  on  the  basis 
of  these  fields.  The  problems  in  chemistry  would  be  of  sev¬ 
eral  types,  (1)  organic  chemistry  involving  the  structure  of 
dyes  and,  (2)  colloid  investigations  of  the  relation  between 
textile  fibers  and  the  mechanism  of  dyeing.  In  addition, 
there  would  be  a  need  for  chemical  analysis.  The  work  in 
physics  would  consist  in  tests  of  the  strength  of  materials 
and,  of  considerable  importance,  the  measurement  of  the 
spectral  absorption  of  dyes  and  a  study  of  colorimetry  of 
dyes  in  general.  The  work  of  the  laboratory  would  also  re¬ 
quire  a  scientist  who  understands  vegetable  and  animal 
fibers,  their  structure,  and  their  biochemical  properties.  It 
would  also  call  for  the  services  of  an  expert  microscopist 
who  understands  the  staining  of  fibers  and  photomicrog¬ 
raphy. 

In  1920  it  was  estimated  that  a  suitable  laboratory  could 
be  operated  for  $20,000  a  year.  At  the  present  time,  a  similar 
laboratory  would  require  a  budget  of  at  least  $60,000  a  year, 
and,  in  view  of  what  is  said  above  about  expansion,  such  a 
laboratory  should  not  be  started  unless  the  company  has  an 
annual  turnover  of  about  $5,000,000.  Assuming  that  an 
initial  budget  of  $60,000  is  available,  the  estimated  salaries 
of  the  scientific  staff  would  reach  a  total  of  $34,000,  divided 
approximately  as  follows: 


Director  . 

Colloid  chemist 
Organic  chemist 
Physicist  . 


$12,000 

7,000 

7,000 

7,000 


The  qualifications  of  the  director  are  discussed  elsewhere 
The  work  in  colloid  chemistry  and  biochemistry  would  be 
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carried  on  by  the  colloid  chemist  with  biochemical  training, 
also  capable  of  doing  microscopical  work.  The  organic  chem¬ 
ist  might  be  expected  to  look  after  analytical  chemistry  as 
well;  i.e.,  he  would  be  a  man  with  experience  in  organic 
chemistry  who  would  specialize  in  the  study  of  dyes  but 
who  also  would  be  capable  of  carrying  on  some  routine 
analytical  chemistry.  The  physicist  should  understand  col¬ 
orimetry  and  at  the  same  time  know  enough  general  physics 
to  be  able  to  look  after  problems  involving  the  strength  of 
materials. 

The  laboratory  building  might  have  three  floors,  each  of 
them  covering  about  1,600  square  feet.  One  floor  would  be 
required  for  the  library,  the  office,  and  the  dye  room,  which 
would  be  a  small  edition  of  a  plant,  containing  small  model 
machines  in  which  all  the  plant  processes  of  dyeing,  washing, 
and  drying  could  be  carried  out.  It  might  occupy  about  half 
the  ground  floor,  the  other  half  being  taken  up  by  the  library, 
the  staircase,  and  the  laboratory  office,  which  in  such  a  small 
laboratory  might  be  united  with  the  library.  The  second 
floor,  devoted  to  chemistry,  might  be  divided  into  two  or 
three  rooms;  and  the  top  floor,  used  for  physics,  would  con¬ 
tain  rooms  for  ordinary  physical  work  as  well  as  for  colorim¬ 


etry  and  probably  for  microscopy,  since  it  is  inadvisable 
to  have  microscopes  and  similar  instruments  exposed  to  the 
fumes  of  a  chemical  laboratory. 

The  cost  of  such  a  building  would  be  about  $100,000,  of 
which  the  structure  itself  might  cost  $60,000,  and  the  scien¬ 
tific  equipment  and  small  experimental  plant  $40  000  In  a 
study  of  the  work  of  a  comparatively  new  research  labora- 
ory  of  the  type  described  above,  all  the  work  done  during 
the  year  was  analyzed  and  classified,  and  the  proportionate 
expense  to  be  charged  to  each  class  was  found.  The  analysis 
showed  that  division  A,  work  done  for  the  manufacturing 
departments,  corresponded  to  about  20  per  cent  of  the  work 
Of  the  laboratory;  division  B,  work  on  new  materials  47 

per  cent  0/ which  £;i/Undamental  research,  absorbed  27'/, 
P  cent,  which  22%  per  cent  was  devoted  to  the  scien- 
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tific  work  and  5  per  cent  to  the  accompanying  educational 
work;  and  work  for  the  assistance  and  information  of  the 
office  force  was  estimated  at  51/ »  per  cent. 

In  the  beginning,  work  belonging  to  division  A  would 
probably  absorb  the  greater  part  of  its  energies,  but,  how¬ 
ever  the  work  is  started,  some  apportionment  of  the  time 
of  the  laboratory  among  the  three  divisions  would  even¬ 
tually  be  made,  in  which  each  of  them  would  take  its  own 
place. 

In  1918  a  study  of  a  laboratory  suitable  for  research  on 
zinc  was  published  by  John  Johnston,  who  later  became  the 
distinguished  director  of  research  for  the  United  States  Steel 
Corporation.  The  fundamental  work  of  this  laboratory 
would  deal  with  the  physical  and  mechanical  properties  cf 
zinc,  such  as  the  study  of  its  crystalline  transformations, 
the  temperature  of  inversion,  and  the  effect  of  impurities 
upon  these  changes.  The  work  would  then  be  extended  into 
a  systematic  study  of  the  zinc  alloys,  first  the  simpler  ones, 
later  the  more  complicated,  through  a  wide  range  of  con¬ 
ditions,  their  mechanical  properties  being  ascertained  and 
correlated  with  their  constitution. 

As  a  result  of  this  work,  new  uses  or  extensions  of  exist¬ 
ing  uses  for  zinc  might  be  found,  that  which  appeared  most 
promising  being  the  development  of  zinc  alloys  with  propei- 
ties  more  suitable  for  die  casting  or  the  production  of  zinc 

wire  of  high  tensile  strength. 

The  laboratory  work  proposed  is  estimated  by  Johnston 
to  require  personnel  and  equipment  somewhat  as  follows: 

1.  A  first-class  physical  chemist  familiar  with  the  tech¬ 
nique  of  high-temperature  experimental  work  and  the  meth¬ 
ods  of  alloy  investigation,  and  two  assistants.  The  equipment 
needed  would  include  small  electric  furnaces  of  various 
kinds  with  appropriate  devices  for  measuring  temperatures, 
colorimetric  apparatus;  an  apparatus  for  determining  den¬ 
sity  (including  volume  change  at  an  inversion  or  on  melting) 
and  vapor  pressure  at  any  temperature,  in  addition  to  tha 
ordinarily  found  in  a  physicochemical  laboratory.  It  would 
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probably  also  be  advisable  to  arrange  for  determination  of 
physical  properties  such  as  electrical  conductivity  and 
thermoelectric  power. 

2.  A  first-class  metallographer  provided  with  the  best 
kind  of  metallographic  outfit,  and  an  assistant. 

3.  A  physicist  or  engineer  familiar  with  the  methods  of 
testing  metals  for  tensile  strength,  hardness,  resistance  to 
fatigue,  compressibility,  and  other  mechanical  properties, 
and  an  assistant.  In  addition  to  the  various  testing  machines, 
it  would  be  advisable  to  install  equipment  to  enable  tests 
to  be  made  on  the  properties  of  the  metal  or  alloy  when 
extruded,  on  its  suitability  for  die  casting,  and  so  forth.  It 


might  be  well  also  to  have  a  small  experimental  rolling  mill 
with  the  necessary  furnaces  and  equipment. 

4.  A  first-class  analytical  chemist  who  would  control  the 
chemical  composition  and  purity  of  all  materials  used  and 
products  investigated  and  would  standardize  methods  of 
analysis  of  zinc  products,  and  an  assistant  or  probably  two. 
The  equipment  would  be  that  of  a  first-class  analytical 
laboratory,  including  apparatus  for  electroanalysis  and 
other  such  methods. 

5.  A  first-class  mechanic  and  a  small,  well-fitted  shop 
capable  of  making  and  repairing  apparatus  in  the  experi¬ 
mental  work,  and  a  helper,  part  of  whose  duties  would  be 
to  look  after  things  generally. 

Such  a  laboratory  today  would  cost  about  $300  000  to 

t.nnnmdTrilliP’  ,he  am,Ual  bud«et  would  start  at 
WOO, 000.  If  successful,  its  annual  cost  in  10  years’  time 
would  approach  $1,000,000. 


This  zinc  research  laboratory  may  be  taken  as  typical  of 
aboratories  foi  the  metal-producing  trades,  as  the  one  out¬ 
lined  for  the  dyeing  of  textiles  is  typical  of  technical  manu¬ 
facturing  industries  dealing  with  engineering  processes  han 
cllmg  chemicals  and  also  involving  certain  biologS  com 

industries5'  *  “  a"Se  thrOUghout  the  textile  and  leather 

The  initial  staff  of 


a  new  laboratory  may  be  expected  to 
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supply  the  leaders  for  the  laboratory  and  to  form  the  senior 
staff  as  it  grows  and  must  be  selected  accordingly.  The  men 
should  have  at  least  2  years’  postdoctorate  experience,  in¬ 
cluding  the  actual  conduct  of  scientific  research.  Men  coming 
to  industrial  laboratories  immediately  after  graduation  are 
often  not  sufficiently  experienced  to  plan  and  conduct  their 
own  work  and  must  for  some  time  be  under  the  direction  of 
the  senior  staff.  A  new  laboratory  does  not  have  an  experi¬ 
enced  staff  to  direct  newcomers,  and  the  men  chosen  must 
be  able  to  organize  and  carry  out  their  own  work.  In  1949 
the  minimum  salary  for  such  men  was  $5,600  a  year,  and 
specialists  or  men  with  greater  experience  commanded 
more. 

With  the  increased  number  of  young  scientists  in  private 
laboratories,  consulting  laboratories,  or  technological  insti¬ 
tutes,  it  is  much  easier  to  obtain  men  with  industrial  experi¬ 
ence  than  it  was  a  number  of  years  ago.  If  such  young  men 
with  the  other  qualifications  for  research  leadership  can  be 
found,  they  would  probably  be  more  valuable  in  a  newly 
organized  research  laboratory  than  university  graduates 
who  have  remained  in  academic  research.  If  the  research 
director  has  sufficient  experience  and  knowledge,  however, 
it  may  be  preferable  for  him  to  select  his  staff  without  con¬ 
sideration  of  industrial  experience  and  to  train  the  men  for 
their  particular  jobs. 

The  steps  to  be  taken  in  the  organization  of  a  new  indus¬ 
trial  research  laboratory,  as  recommended  in  this  chapter, 
may  be  summarized  as  follows:’ 

1.  Selection  of  a  director 

2.  Study  of  the  company’s  operations  by  the  director 

3.  Approval  of  a  budget,  the  initial  budget  being  20  to 
40  per  cent  of  that  anticipated  in  5  to  10  years  time 

4.  Planning  an  initial  organization  on  departmental  lines 

5.  Preparation  of  a  laboratory,  the  initial  laboratory  be¬ 
ing  simple  with  a  view  to  its  replacement  in  10  years 

time 
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6.  Employment  of  the  staff  required  to  implement  the 
organization 

Once  the  laboratory  is  launched,  its  success  will  depend 
upon  its  accomplishments.  It  must  not  be  expected  to  con¬ 
tribute  appreciably  to  the  prosperity  of  its  company  in  less 
than  5  years,  and  few  laboratories  pay  for  themselves  in 
less  than  10.  After  that,  a  company  which  has  organized  a 
laboratory  may  expect  to  reap  its  reward. 


Chapter  XX 


The  Design  of  the  Laboratory  Building 


Early  laboratories  started  in  inexpensive,  barnlike  space 
in  which  were  installed  needed  special  services  and 
equipment.  Research  scientists  by  nature  are  resource¬ 
ful  and  are  opportunists  and  can  get  along  well  with  a  mini¬ 
mum  of  facilities.  The  organization  of  laboratory  space  and 
its  mechanical  services  into  a  smoothly  functioning  and 
easily  maintained  whole  has  been  supplied  to,  rather  than 
demanded  by,  the  research  scientists.  The  need  for  more 
efficient  and  more  specialized  research  has  required  a  higher 
level  and  multiplicity  of  services,  and  this  has  led  to  the 
design  of  buildings  with  special  features  to  make  such  serv¬ 
ices  economically  available  both  at  the  time  of  construction 
and  when  changes  are  required.  The  modern  laboratory 
building  is  rapidly  becoming  a  highly  organized  mechanism. 

No  two  industrial  laboratories  in  the  United  States  are 
alike,  because  no  two  have  the  same  objectives  and  the  same 
hand  guiding  them  to  the  objectives.  With  the  objectives 
clearly  in  mind,  the  design  of  the  laboratory  becomes  a 
series  of  choices  and  compromises.  In  this  book,  it  is  only 
possible  to  point  out  some  of  the  matters  which  must  be 
considered  and  some  of  the  advantages  and  disadvantages 
of  the  various  possibilities. 

The  selection  of  the  laboratory  site  is  the  first  considera¬ 
tion.  An  important  question  is  whether  the  site  should  be 
in  close  proximity  to  the  factory  or  isolated  from  it.  If  the 
prime  purpose  and  objective  of  the  laboratory  are  pure  re¬ 
search  and  creative  work  on  the  frontiers  of  science,  separa¬ 
tion  from  the  factory  in  a  pleasing  environment  is  of  definite 
value.  There  are  other  more  concrete  reasons  for  isolation, 
however.  The  plant  and  adjacent  industrial  area  may  be 
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unsuitable  for  a  laboratory.  Plant  locations  are  usually 
picked  for  their  proximity  to  railroads  and  other  industrial 
operations,  and  factories  may  produce  vibration,  noise,  dirt, 
and  fumes.  Electrical  interference  has  to  be  considered  in 
some  fields  of  research,  such  as  radio  and  radar.  rlhe  labora¬ 
tory  itself  may  do  work  which  makes  isolation  desirable. 
Experimentation  on  jet  engines  and  the  use  of  radioactive 
materials  are  examples.  Arguments  for  the  geographic  isola¬ 
tion  of  the  laboratory  are  often  based  on  removal  of  the 
research  work  from  the  direct  influence  of  existing  industrial 
operations  and  the  intrusion  of  operating  problems.  Argu¬ 
ments  are  also  based  on  the  desire  for  removal  of  laboratory 
operation  from  plant  procedures  in  purchasing,  accounting, 
policies,  employment,  maintenance,  shops,  and  safety  regu¬ 
lations.  On  the  other  hand,  it  may  be  answered  that  geo¬ 
graphic  isolation  is  a  poor  substitute  for  strength  and  inde¬ 
pendence  of  research  management. 

Many  disadvantages  are  inherent  in  geographic  separa¬ 
tion  of  different  units  that  ultimately  must  work  together. 
Contact  and  familiarity  with  the  plant  diminish  as  the 
separation  increases.  For  an  industrial  laboratory  to  reduce 
its  new  ideas  to  practical  form,  it  must  know  the  peculiari¬ 
ties  of  the  plant,  and  familiarity  with  practical  considera¬ 
tions  may  frequently  be  of  value  in  shaping  the  course  of 
research  since,  ultimately,  the  results  of  research  must  be 
transferred  to  the  production  units.  Isolation  is  an  obstacle 
in  translating  laboratory  results  into  production. 

Research  laboratories  always  act  to  some  extent  as  a  serv¬ 
ice  organization  to  the  plant.  The  laboratory  provides  an 
ideal  training  spot  for  personnel,  and  the  training  is  more 
valuable  if  the  workers  can  become  acquainted  with  factory 
organization  and  problems. 

The  laboratory  can  obtain  many  services  from  the  plant _ 

power,  heating,  water,  and  electricity,  to  mention  a  few. 
Plant  protection  and  maintenance,  through  such  groups  as 
watchmen,  firemen,  gatemen,  yardmen,  and  maintenance 
men,  are  often  taken  for  granted.  Use  of  the  purchasing 
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department,  personnel,  accounting,  cafeteria,  medical,  and 
safety  departments  is  a  great  advantage. 

With  the  laboratory  site  decided  upon,  the  feasibility  of 
separate  small  buildings  or  a  single  large  building  must  be 
considered.  Projects  that  present  any  serious  hazards,  con¬ 
tamination  to  or  from  the  main  laboratory  group,  vibration, 
or  electrical  interference,  or  that  require  heavy  floor  loads! 
high  headroom,  or  large,  free  areas  without  interference  of 
columns  must  be  given  consideration.  In  this  category  are 
power-plan t  pilot-plant,  and  special  equipment.  Distilling 
columns  requiring  high  headroom,  high-voltage  x-ray  ma¬ 
chines  requiring  special  wall  construction  for  protection 
against  radiation,  or  a  wind  tunnel,  with  its  unusual  facili¬ 
ties,  should  not  be  placed  in  the  main  laboratory  building. 
Rooms  which  may  be  advantageously  included  in  separate 
buildings  or  wings  are  the  auditorium,  administration  offices, 
library,  cafeteria,  shops,  and  stock  rooms.  As  an  example, 
the  shops,  with  their  high  ceilings,  heavy  floor  loads,  and 
vibration,  may  be  located  alongside  the  laboratory  building 
and  open  freely  into  it.  The  General  Electric  Research  Labo¬ 
ratory  at  The  Knolls  has  an  excellent  layout  with  this 
arrangement. 

If  portions  of  the  research  laboratory  requiring  special 
treatment  are  segregated,  a  building  can  be  designed 
which  will  house  all  laboratories  of  somewhat  similar  re¬ 
quirements.  Efficient  floor  planning  may  be  based  on  the  use 
of  a  unit  of  research  space.  The  minimum  square  feet  of 
free  floor  area,  length  of  bench  space,  and  facilities  needed 
by  the  average  worker  in  a  laboratory  are  termed  a  module 
(Fig.  18).  The  composition  and  dimensions  of  the  module 
depend  upon  the  type  of  work  being  done  and  the  method 
of  operation,  such  as  the  location  of  desk  space  in  the  labo¬ 
ratory  or  in  separate  offices,  dishwashing  facilities  sepa¬ 
rately  or  in  each  laboratory,  or  chemical  stocks  and  apparatus 
storage  centralized  or  in  the  individual  laboratories. 

There  is  fairly  close  agreement  among  laboratories  on  the 
amount  of  space  that  should  be  allowed^  each  qualified  re 
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VENTILATION  EXHAUST 


SERVICES 


THE  MODULE 

Fig.  18. 

search  worker.  The  average  figure  is  about  280  square  feet 
per  man.  This  net  area  includes  only  the  floor  area  (free 
and  covered)  available  for  research  work.  It  excludes  corri¬ 
dors,  stairways,  washrooms,  library,  store  and  workshop 
facilities,  and  all  other  indirect  services  not  available  at  the 
bench.  A  gross  area  of  the  order  of  500  square  feet  per  quali¬ 
fied  man  would  seem  to  cover  all  research  activities  except 
those  requiring  pilot-plant  facilities/ The  average  net  usable 
space  allocation  (square  feet  per  person)  for  research  and 

service  groups  in  12  large  industrial  research  laboratories 
is  shown  in  Table  V. 

In  the  research  space,  the  shape  of  the  module  is  deter¬ 
mined  chiefly  by  the  dimensions  of  the  workbench  and  is 
therefore  oblong.  Allowing  3  feet  for  partition  thickness 
service  strip,  and  bench  width,  plus  3  feet  for  floor  space  in 
front  of  the  bench,  the  possible  unit  of  laboratory  width 
amounts  to  6  feet.  In  Table  VIII  are  given  the  structural 
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dimensions  of  the  rooms  of  12  industrial  research  labora¬ 
tories.  If  the  module  is  arranged  with  bench  on  either  side  of 
the  worker,  a  practical  width  is  12  feet.  Some  laboratories 
with  less  aisle  space  are  using  room  widths  based  on  10  feet. 
Laboratory  12  has  achieved  the  ultimate  in  flexibility  of 
floor  layout  by  making  laboratory  widths  in  multiples  of  3 
feet.  This  arrangement  is  shown  in  Fig.  19.  The  depth  of  the 
laboratory,  corridor  to  outside  wall,  is  less  critical,  22  to  26 
feet  usually  providing  the  necessary  area. 

An  unemphasized  but  real  advantage  is  gained  by  build¬ 
ing  up  the  floor  plan  on  the  basis  of  the  module.  It  offers  a 
very  strong  influence  toward  well-proportioned  rooms  which 
are  generally  useful. 

The  plan  of  the  laboratory  building  is  greatly  affected  by 
the  arrangement  of  the  office  space.  Offices  may  be  either 
separated  from  or  combined  with  the  research  space.  In 
some  laboratories,  separate  areas  or  wings  are  designated  as 
office  space  and  are  without  service  facilities.  This  plan  is 
obviously  less  expensive  in  first  cost  than  one  providing 
office  space  in  a  building  where  service  piping  and  wiring 
for  research  have  been  installed.  Unserviced  office  space  may 
be  advantageous  where  the  workers  spend  a  large  part  of 
their  time  reading,  studying,  calculating,  or  writing  reports. 
If  a  worker  spends  most  of  his  time  in  experimental  rooms 
or  observes  or  adjusts  operations  frequently,  his  desk  should 
be  as  close  as  possible  to  his  experimental  facilities.  In 
physics  laboratories,  the  desk  can  be  placed  in  the  labora¬ 
tory  room;  in  chemistry  laboratories,  it  is  usually  better  for 
the  desk  to  be  partitioned  off  from  the  laboratory  area  Four 
office-laboratory  arrangements  are  shown  in  Fig.  20. 

Other  areas  for  which  space  must  be  provided  are  corri- 
dors  Stairs,  elevators,  toilets,  locker  rooms,  rest  rooms,  jani¬ 
tor  closets,  shipping  and  receiving  entrance,  lobby,  shops 
and  maintenance.  The  percentage  of  total  usable  floor  area 
assigned  is  grouped  and  shown  in  Table  VI 

When  the  office  and  service  area  arrangement  and  desired 
characteristics  of  the  module  or  unit  space  have  been  deS 
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mined,  with  its  capacities  as  to  pipe  supply,  electric  supply, 
illumination,  fume  hood  capacity,  and  ventilation,  a  repeti¬ 
tive  mechanical  system  can  be  designed  to  service  each  space 
division.  The  service  system  must  permit,  in  the  simplest 
possible  manner,  initial  installation,  additions,  alterations 
and  maintenance  without  interruption  of  work  in  any  labo¬ 
ratory  except  that  requiring  the  change. 
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Fig.  20. 


There  are  four  basic  service  systems:  (1)  vertical  feeders 
at  the  exterior  wall,  (2)  vertical  feeders  at  the  corridor  wall, 
(3)  laboratories  back  to  back  with  vertical  common  feeders 
and  (4)  horizontal  feeders  situated  either  in  the  corridor 
cei  mg  or  along  the  exterior  walls.  Various  combinations  of 
these  systems  have  been  used,  such  as  vertical  piping  and 
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drainage  at  the  exterior  walls  and  vertical  ventilation  and 
fume  exhaust  ducts  at  the  corridor  walls.  All  of  these  sys¬ 
tems  may  be  augmented  by  spur  floor  trenches  to  serve 
island  benches  and  equipment. 

A  popular  scheme  in  modern  laboratories  is  for  all  services 
to  run  vertically  at  the  corridor  walls.  The  probable  reason 
is  the  trend  away  from  exposed  piping  hung  from  the  ceiling 
and  toward  piping  run  along  the  wall  and  usually  concealed 
behind  the  laboratory  bench.  It  is  difficult  to  place  the  serv¬ 
ice  pipes  along  the  wall  and  arrange  an  emergency-exit  door 
between  laboratories  at  the  outside  wall  with  any  other 
scheme  (Fig.  20).  This  system  also  offers  simplicity  in  mak¬ 
ing  the  services  available  to  the  laboratory  rooms. 

The  magnitude  and  variety  of  services  available  to  the 
research  rooms  depend  upon  the  type  of  work  carried  on. 
Table  VII  shows  the  services  which  are  easily  available  to 
all  research  rooms  of  the  main  buildings.  It  also  indicates 
laboratories  which  are  air-conditioned.  A  chemical-labora¬ 
tory  building  is  more  costly  to  condition  than  a  conven¬ 
tional  building.  This  extra  cost  arises  from  the  large  amounts 
of  air  exhausted  through  the  fume  hoods  (50  to  100  cubic 
feet  per  minute  per  square  foot  of  hood  opening)  and  the 
impracticability  of  reusing  the  cooled  air  by  recirculation,  as 
is  normally  done  in  installations  free  from  sources  of  con¬ 
tamination. 

When  the  services  and  laboratory  space  have  been  de¬ 
veloped  on  a  basic  pattern  to  obtain  flexibility  initially,  it 
is  obvious  that  flexibility  in  future  alterations  of  laboratory 
arrangement  is  attained.  The  comparative  difficulties  of 
altering  the  relative  space  requirements  of  the  laboratories 
shown  in  Fig.  20  can  be  readily  visualized.  Experimental 
methods  may  be  expected  to  change  to  such  an  extent  as  to 
make  it  desirable  not  only  to  rearrange  furniture  and  service 
outlets  easily  but  also  to  move  room  partitions.  Remarkable 
engineering  advances  have  been  made  by  companies  spe¬ 
cializing  in  the  manufacture  of  movable  partitions  assem¬ 
bled  from  factory-made  panels  and  accessories.  Such  parti- 
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tions  also  offer  a  ready  means  of  fastening  service  pipes, 
shelves,  cabinets,  and  apparatus  to  the  walls. 

In  recent  years,  great  emphasis  has  been  placed  upon  the 
flexibility  of  research-laboratory  buildings.  Some  of  the 
older  industrial  research  laboratories  have  been  housed  in 
converted  factory  or  warehouse  buildings.  When  expansion 
and  changes  of  the  research  program  have  occurred,  the  ex¬ 
pense  of  converting  the  old  laboratory  for  the  new  work 
has  been  large.  Some  of  the  modern  laboratories  have  been 
designed  to  provide  flexibility  and  reduce  the  cost  of  changes 
in  the  internal  arrangements.  Practically  all  the  services 
required  in  normal  chemical  and  physical  research  are  pro¬ 
vided  at  least  every  16  or  20  feet  along  the  outside  walls 
or  along  the  corridors.  Under  such  conditions,  an  office  or 
a  physics  laboratory  can  be  converted  into  a  chemical  labo¬ 
ratory  in  less  than  a  day  by  bringing  in  and  converting 
suitable  laboratory  furniture  and  equipment  connected  to  the 
desired  electrical,  plumbing,  ventilation,  and  other  services. 
With  this  arrangement  of  supply  services,  a  large  part  of  the 
basement  and  top  floor  must  be  given  up  to  vast  amounts  of 
piping.  The  price  of  such  flexibility  is  high ;  the  total  square- 
foot  cost  of  a  laboratory  building  with  movable  partitions 
and  an  elaborate  supply  of  services  has  sometimes  been 
almost  double  that  of  the  older  type  with  tile  or  cement 
walls  and  services  for  permanently  planned  fields  of  work. 

When  a  company  and  its  research  laboratory  have  been 
established  for  some  years  and  the  general  fields  of  science 
in  which  its  research  activity  is  directed  are  known,  it  is 
sometimes  questionable  whether  flexibility  should  play  an 
important  part  in  the  plans  of  a  new  laboratory  building. 
If  the  main  production  of  the  company  is  in  chemistry,  for 
instance,  and  physics  plays  a  minor  role,  it  would  seem  pos¬ 
sible  to  design  a  building  with  a  definite  number  of  chem¬ 
istry  sections  and  a  smaller  number  of  physics  sections  and 
to  leave  an  area  for  expansion  in  which  flexibility  could  be 
emphasized,  instead  of  making  the  whole  building  flexible 
at  a  much  greater  cost.  If  the  company  is  new  and  it  is  mi- 
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possible  to  foresee  in  what  field  of  science  the  work  of  the 
next  20  years  will  lie,  allowances  should  be  made  for  most 
contingencies.  Research  laboratories  appear  to  expand  at 
such  a  rate,  however,  that  new  buildings  or  additions  are 
needed  every  10  to  15  years. 

It  will  be  seen  that  the  design  of  the  laboratory  building 
has  been  developed  from  the  inside  out  and  consideration 
has  been  given  to  the  building  structure  last.  Small  labora¬ 
tories  and  those  having  separate  buildings  for  different  de¬ 
partments  logically  adapt  themselves  to  one  or  two  stories. 
Laboratories  requiring  large  amounts  of  floor  space  in  one 
unit,  on  the  other  hand,  are  more  economical  in  total  cost 
and  in  walking  time  for  the  occupants  if  they  are  multi¬ 
storied.  As  yet,  there  is  no  practical  horizontal  equivalent 
of  elevators.  Furthermore,  freight  elevators  are  required 
even  in  two-story  buildings  for  moving  equipment  to  the 
upper  floor;  in  buildings  having  three  or  more  stories,  both 
passenger  and  freight  elevators  are  justified.  Because  of  the 
increase  in  size  of  the  service  ducts,  especially  ventilation 
and  exhaust  ducts,  as  the  number  of  stories  in  the  building- 
increases,  the  maximum  practical  height  is  low  compared 
with  that  for  office  buildings.  Heights  of  more  than  six 
stories  present  serious  difficulties.  The  practice  of  modern 
laboratories  (Table  VIII,  Number  of  floors  of  research  space) 
indicates  that  two  or  three  floors  are  best. 

Inside  columns  to  support  the  structure  are  in  the  corri¬ 
dor  walls  and  therefore  do  not  interfere  with  room  layouts. 
By  the  elimination  of  columns  from  the  laboratory  area,  the 
dimensions  of  the  building  bays  can  be  kept  down,  with 
resultant  savings  by  the  use  of  lighter  framing.  Rein  forced- 
concrete  structures  do  not  lend  themselves  to  good  labora¬ 
tory  design  because  of  the  practical  impossibility  of  having 
large  openings  adjacent  to  columns  for  vertical  service  ducts! 

Architectural  treatment  of  the  building’s  exterior  is  de¬ 
termined  solely  by  the  policies  of  management.  Some  com¬ 
panies  use  the  appearance  of  the  research  laboratory  as  a 
form  of  institutional  advertising.  On  the  other  hand,  some 
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are  satisfied  with  an  outside  appearance  that  is  strictly 
functional. 

Economic  justification  of  the  features  incorporated  in  the 
laboratory  design  must  not  be  overlooked.  Research  output 
has  no  units,  so  that  it  is  impossible  to  analyze  laboratory 
production  to  determine  which  arrangement  or  system  will 
produce  research  results  most  efficiently.  Economic  justifica¬ 
tion  must  be  based  on  experience  with  the  laboratory  organi¬ 
zation  and  its  operation. 

The  initial  cost  of  the  laboratory  is  extremely  difficult  to 
estimate,  and  it  is  with  considerable  reservations  that  the 
figures  in  Table  IX,  showing  cost  comparisons,  are  presented 
because  so  many  important  differences  affecting  cost  exist 
among  these  laboratories.  Some  of  the  differences  are  (1) 
year  of  construction,  (2)  geographic  location,  (3)  labor 
supply,  (4)  lump  sum  or  cost  plus  contract,  (5)  special  fea¬ 
tures,  (6)  construction,  (7)  service  facilities  required,  (8) 
degree  of  flexibility  required,  (9)  provisions  for  future  en¬ 
largement,  (10)  extent  of  complicated  or  highly  specialized 
building  requirements  for  unusual  types  of  research,  and 
many  more.  The  figures  do  show,  however,  that  costs  of 
research  laboratories  have  risen  very  sharply  in  the  last  two 
decades.  Laboratory  7  quoted  costs  on  two  units,  one  finished 
in  1927  and  another  in  1947,  and  its  experience  is  that  in 
20  years  the  capital  cost  per  gross  square  foot  has  increased 

by  a  factor  of  3.4. 
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